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REACTIONS IMPORTANT FOR ADHERENCE WHEN FIRING GROUND 
COATS CONTAINING NO ADHERENCE-PROMOTING OXIDES* 


By A. Drerze. anp K. Mgures 
(Translated by R. M. King) 


ABSTRACT 


A study was made of the reactions occurring in adherence when firing ground coats containing 
no adherence-promoting oxides. Enamel coatings were fired on trial pieces of steel through three 


stages or zones and the results of each firing were noted. 


It was found that in laboratory tests, 


enamels which do not contain cobalt and nickel oxides have good adhering qualities if they are cor- 
rectly fired. Iron oxide increases the refractive index of the enamel. 


I. Introduction 


For some time an effort has been made to ex- 
plain the adherence of ground coats to sheet 
steel. In approaching this problem it seemed 
appropriate first to study carefully the firing 
process of a ground coat containing no adherence- 
promoting oxides, since it would be expected 
that this process would be more simple. The 
results of this investigation are briefly discussed. 


Composition of Enamel 


Batch for 10 kg. frit 
Dérentruper sand 5500 SiO, 55.48 
Alumina B,O, 14.60 
Borax oe 2210 Al,O; 7.17 
Soda (95 975 Fe,0; 0.10 
Potash (84%) 870 TiO, 0.13 
White 900 CaO 4.59 

charge MgO 0.02 

frit 10 kg. Na;O 11.69 
Clay Cr 600 g. K,O 4.84 
0.5%) 50 g. Ignition loss 1.25 


Trial pieces of steel, 4 by 10 centimeters, which 
had been previously annealed and pickled, were 
dipped, dried, and fired in an electric oven at a 
temperature from 600 to 900°C for varied time 
intervals. 


Il. Firing Processes 


Immediately at the beginning of the firing 
process, a “hammer scale” (FesO, + FeO) layer 
formed between the iron and enamel. Cooke! 
pointed out the necessity for the formation of 
this oxide layer. In recent years, however, 
doubts have arisen regarding this layer, as many 
do not believe that oxygen can penetrate the dry 


* Presented at the Annual Meeting, AMERICAN CERAMIC 
Socrety, Cincinnati, Ohio, February, 1934 (Enamel Di- 
vision). Received February 15, 1934. 

1R. D. Cooke, “The Effect of Furnace Al ait on 
Enamel,” Jour. Amer. Ceram. Soc., 7 [4], 277-81 
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enamel layer. In spite of all doubts, however, 
this is true as is shown in the following experiment : 


One-half of a sheet was covered with enamel and fired 
(a) up to the beginning of sintering of the enamel, and (6) 
up to the beginning of smooth flowing. A black layer was 
formed at the interface consisting of “hammer scale.” 
Its thickness on the uncovered part of the plate amounted 
to 10u in case (a) and 20, in case (b); on the enameled part, 
5 to 7u in case (a) and 7 to 10y in case (6). A significant 
and strong oxidation took place in spite of the enamel 
layer. 


In the course of further firing the enamel goes 
through three firing stages which are designated as 
A, B, and C. 

The initially formed hammer-scale 
ag layer is dissolved in the enamel. 

This becomes a green color and is 
in direct contact with the iron surface. In this 
condition the enamel does not adhere. 

With increased firing duration the color of the 
test piece changes from blue-green through moss 
green to olive green. If a chip of this moss green 
or olive green enamel is examined under the 
microscope, green crystals whose properties agree 
with those of Hastingsite, a sodium-ferro-ferri- 
silicate, are found. 

It was demonstrated in a series of experiments 
(some fired im vacuo) that in firing stage A the 
following reactions took place: 

(a) The hammer-scale layer dissolved in 
enamel. 

(6) The iron oxide present in enamel in higher 
stages of oxidation was reduced by the metallic 
iron to FeO as follows: 

FeO, + Fe = 3FeO (1) 


The enamel therefore was first colored blue-green. 

(c) Simultaneously the oxygen from the air 
diffuses through the enamel and a part of the dis- 
solved Fe++ is oxidized to Fe+**, on account of 
which the color of the melt tends to become 
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yellow. Hence, the color of the enamel changes III. Concentration of the Dissolved Iron Oxide 


from blue-green to moss green. 

(d) In this condition the melt becomes satu- 
rated with iron oxide and precipitates Hastingsite, 
which contains both the di- and tri-valent iron. 

(e) With increasing iron-oxide concentration 
in the melt (corresponding to equation 1), the 
equilibrium shifts as follows: 


FeO + Fe,0; = FesO, 


Thus Fe;O, forms and the color changes from moss 
green to olive green. 
On further firing, the color of the 
sg enamel changes from dark green to 
black. Under the microscope chips 
of enamel had the following appearance: 

Directly on the steel there rested a green 
colored layer of crystals of Hastingsite and over 
it a gray layer in which black crystals (cubical 
dendrite) have separated. X-ray examination 
showed that this was magnetite (Fe;0,). The ac- 
tion of the infiltering oxygen is shown here very 
significantly. It has oxidized the dissolved iron 
from FeO to FesOx. 

In this condition, as long as there is a green 
layer in contact with the steel, the enamel ad- 
heres just as little as in firing stage A. If the 
enamel is fired still further until it is completely 
black or blackish brown, it is noted that on bend- 
ing the sheet the enamel does not spring off in 
flakes but in fine splinters. This indicates good 
adherence. 

Under the microscope it is seen that the Fe;O, 
zone migrates toward the sheet. For the second 
time a layer of hammer scale is formed on the 
steel, which on one side has grown fast to the 
iron as an ordinary thin hammer-scale layer and 
on the other side is intermeshed with the enamel. 

In this firing stage, the following reactions take 
place: 

3FeO + '/,0, = FesQ, or 


2FeO + '/:0; = Fe,O; and 
FeO + = FesQ, 


. On further heating the enamel is 
a completely fired. The well-known 
copper heads appear, i.e., the red- 
dish sparkling appearance. This is due to the 
numerous blood-red crystals of hematite (Fe,Os). 
The oxygen is always diffusing into the enamel 
during the firing process and has oxidized the 
FeO through Fe;0, to Fe,Os3. 


The outstanding result of this reaction is the 
continuous oxidation of metallic iron to iron oxide, 
which must bring about a steady increase of 
iron oxide in the enamel. In order to determine 
how the iron oxide concentration in solution 
changes and to explain from this the saturation 
phenomenon, the following measurements were 
made. 

Iron oxide increases the refractive index of 
the glass or enamel very strongly. The amount 
this index was raised by 1% of FeO, Fe;Q,, or 
Fe,O; was determined. With the aid of these 
values, the approximate concentration of iron 
oxide was determined inversely from the index 
of the enamel in the region of the steel surface. 

After the enamel is fused to smoothness (begin- 
ning of firing stage A) it contains 20% iron oxide, 
essentially FeO. The amount in firing stage A 
is 37%. On further firing into stage B, however, 
the concentration does not increase further, but 
falls to 26%. In other words, the Fe;O, is much 
more difficultly soluble than FeO or Hastingsite. 
As a result a great amount of iron oxide crystal- 
lizes out as magnetite and also causes the forma- 
tion of the second layer of hammer scale. On 
further oxidation of the dissolved iron the solu- 
bility increases. In firing stage C, 45% FeO; 
can be in solution. Since, however, the total 
amount of oxide which goes into the enamel 
amounts to about 100 to 200% on the basis of 
100% enamel, in spite of the increased solubility 
of Fe,O;, hematite is the chief crystal precipi- 
tated. 

IV. Practical Significance 


The important practical significance of these 
findings is that enamels which do not contain 
cobalt and nickel oxides can adhere if they are 
correctly fired and that the cause of this adher- 
ence has been found. Of course this has been 
accomplished only in the laboratory. In the 
case of larger pieces, one can not always obtain 
firing stage B uniformly over the surface. On 
many localized areas only firing stage A will 
be obtained, while in thin places or edges com- 
plete firing may be obtained (firing stage C). 
In other words, firing zone B is too narrow; 
hence it always happens that the ware is fired 
uniformly from this stage on. An improvement 
may be obtained if the ground coat is fired harder 
as in the case of a cast-iron ground or by preoxidiz- 


Adjustment of Enamels to Sheet Steel 37 


ing the iron. In both cases the complete solution 
of the desired hammer-scale layer, which bonds 
the iron to the enamel, continues until the oxygen 
from the air can provide for the rebuilding of this 
adhering layer. 

These studies were the basis, as previously men- 
tioned, for the study of the essential complex re- 


actions as they exist in cobalt and nickel oxide 
enamels. At another time a report on the ad- 
herence of the nickel oxide enamels will be pre- 
sented. 


INSTITUTE FUER CHEMISCHE TECHNIK 
ABTEILUNG SILIKAT UND BaUCHEMIE 


THE ADJUSTMENT OF ENAMELS TO SHEET STEEL* 
Py A. Drerzer anp K. MEeurRgEs 
(Translated by R. M. King) 


ABSTRACT 


The authors present data on their tests on the expansion coefficient of enamels to sheet steel 
and give results on their tests for cover enamels, upper and lower ground coats, and sheet steel. 
They find that the expansion coefficient, 0° to softening temperature, of the fired ground coat is 
only a little less in the region of the steel surface than the steel itself, and that it decreases within 
the ground coat toward the cover coat in order to approach the lower coefficient of the ground 


coat. 
are not efficient. 


In 1909, Mayer and Havas' found experimen- 
tally that ground-coat enamels used in practice 
had in general a cubical expansion coefficient 
(0 to 100°C) of 245 to 289 X 10~? and that they 
must have this range of values in order to be suit- 
able for sheet steel which has a coefficient of 
about 360 x 10-". Cover enamels have co- 
efficients between 325 and 350 X 10~". Since the 
findings of Mayer and Havas, enamelers have used 
these limiting values in their calculations. It is 
rather striking that the expansion coefficients of 
ground coats are so abnormally low. Up to the 
present time the reason had not been found in 
spite of numerous researches. This was be- 
lieved to be due partly to lack of accuracy in the 
calc tlation of the coefficients by the use of factors, 
but the measured coefficients (0 to 100°C) could 
not explain the relations. The explanation was 
sought in the coefficient 0° to softening tempera- 
ture, but still the coefficients of ground coats were 
lower than those of iron and cover coats. Finally 
it was believed that elasticity, among other 
properties, was responsible for these low values, 
but this was not the determining factor. 

After the writers had found that 20 to 40% iron 
oxide dissolves in enamels during the firing proc- 


* Presented at the Annual Meeting, American Ceramic 
Society, Cincinnati, Ohio, February, 1934 (Enamel Divi- 
sion). Received February 15, 1934. 

1M. Mayer and B. Havas, “The Meaning of Ground 
Enamels,” ‘Sprechsaal, 43 [49], 727-28 (1910). 


They state that all previous measurements of the coefficients of sheet-steel ground coats 
This study is being continued. 


ess, it was immediately thought that both the 
physical and chemical properties of the ground 
coat were altered in enamels containing “‘adhering 
oxides’’ (cobalt and nickel oxides) and those free 
from adhering oxides. The influence of iron 
oxide upon the expansion coefficient of the enamel 
was tested as follows: 

Increasing amounts of iron oxide (20%) do not 
noticeably change the course of the expansion 
curve at low temperatures (up to 400°C), but 
above this temperature it is markedly influenced 
in two respects as follows: (1) The transforma- 
tion interval and softening points decrease more 
if the iron is dissolved in the form of FeO and less 
if the iron is present in the form of FesO;. (2) 
The expansion increases sharply above the trans- 
formation interval up to the softening point in 
contrast to the iron oxide-free enamel, so that the 
average expansion coefficient (0° to softening 
temperature) is much greater than in the case of 
the pure enamel. The following values were 
found for an ordinary ground coat and for this 
enamel plus 20% iron oxide: 


Softening 
temperature (0°-s.t.*) 
Pure enamel 570° 324 X 10-7 
100 enamel + 20 iron oxide 
a) as FeO 490° 375 X 107? 
as 525° +381 X 1077 
(c) as Fe,O0; 550° 403 X 107 


*s.t. = softening temperature. 


Tscaniscus HocuscHuLe 
Karisruus, GERMANY 
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With aid of these values the expansion coef- 
ficients were calculated for the three firing stages 
A, B, and C,? which were previously found in firing 
the enamel and which cause enamel to vary in 
iron oxide concentration. 


Av. iron 
Fxpansion 
Firing interf fici 
stage (%) 
A 25 885 X 1077 (0-470° 
B 20-25 390 X (0-525° 
Cc 40 480 X 10-7 (0-530° 


Expansion coefficients for the sheet steel used 
from 0° to the softening temperature of the 
enamel were as follows: 410 < 10~" for firing stages 
A and B and 420 X 10~" for firing stage C. 

One thus sees that in those firing stages, A and 

B, which are influential in adherence, the ex- 
pansion coefficient closely approaches that of the 
steel. 
It must further be considered that the ground 
coat is not a single homogeneous layer, but that 
the iron oxide concentration and the coefficient 
of expansion decrease sharply from the surface 
of the steel outward (from about 25 to 10%). 
Hence, at least two coefficients of expansion must 
be given for the fired ground coat. 


Coefficient (0°-s.t.) 


390 X (525°C) 


Lower layer 
350-360 X (505°C) 


Upper layer 


A cover coat suitable for the ground coat has a 
softening temperature of 520°C and an expansion 
coefficient 0° to softening temperature (505°) of 
the upper layer of the ground coat of 350 x 10~. 

The expansion coefficients for a finished enamel 
sheet have thus the following values: 


* A. Dietzel and K. Meures, ‘“‘Reactions Important for 
Adherence when Firing Ground Coats Containing No 
Adherence-Promoting Oxides,’’ this issue, p. 35. 


Cover enamel 350 X 107” 
Ground coat (upper layer) 350-360 X 10~” 
Ground coat layer) 380-390 xX 107 


Sheet steel 410 X 10~” 


In other words the expansion coefficient (0° to 
softening temperature) of the fired ground coat is 
only a little less in the region of the steel surface 
than the steel itself and decreases within the 
ground coat toward the cover coat in order to 
approach that of the markedly lower coefficient 
(0° to softening temperature) of the cover coat. 

With the aid of this knowledge a series of 
enamel defects may be explained. The satis- 
factory adjustment of enamels to sheet steel not 
only depends upon the enamel composition and 
the steel but, particularly, upon the degree of 
firing and the thickness of the enamel. If the 
firing time is too short the enamel contains little 
dissolved iron oxide and a low expansion co- 
efficient in comparison with a well-fired enamel; 
or if the ground coat is too thick it shows a great 
difference in expansion coefficients throughout 
the various zones; thus stresses set in on cooling 
and the enamels do not adhere. 

It is further qbserved that all previous measure- 
ments of the coefficients of sheet-steel ground coats 
are somewhat useless. They give no help in 
determining the real suitability of enamels for the 
steel, for the expansion of the ground coat is 
greatly changed during the firing process and in a 
manner difficult to control. The old method of 
calculation of the expansion coefficient can not be 
dispensed with or bettered by a measurement 
of the coefficient of frits. Other methods are 
necessary for the estimation of the real suitability 
of an enamel and the authors expect to work these 
out. 


INSTITUT FUBR CHEMISCHE TECHNIK 
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THE USE OF FINELY MILLED ENAMEL SLIPS* 
By F. R. Porter anp H. H. Hoiscner 


ABSTRACT 
In general, cover-coat slips for sheet iron are milled to give a residue of from 4 to 9% on a 


200-mesh sieve. 


The opinion was formed that finer milling results in tearing because of results 


secured on the box-type rather than the continuous furnace. However, cover-coat slips milled 
from 12 to 0.2% on a 325-mesh sieve are now in use in production on continuous furnaces with no 
increase in tearing over coarse grinding and with the following advantages: (1) higher opacity, 
(2) less wear on spray guns, (3) smoother finishes, (4) preferred by sprayers, (5) better suspension, 


and (6) lower firing temperatures. 


I. Introduction 


The thinner a porcelain enamel coating is, the 
less likelihood there is of chipping by abuse in 
handling, assembly, or transit. Impact and 
twist tests' indicate approximately twice the im- 
pact and the twist value at 0.012 inch thickness 
as at 0.024 inch. A thick enamel, furthermore, 
will chip off as soon as a crack appears while a 
thin enamel will adhere even though it may be 
cracked. 

The thin enamel, it is also found, costs less for 
the raw material since all losses are reduced in 
proportion to the enamel handled. 

There are several approaches to making 
enamel coatings as thin as possible, consistent 
with color and reflectance standards. The frit 
manufacturers have increased the natural opacity 
of cover-coat frits so that one-coat cover enamel 
finishes are now being used in certain instances 
where exceptionally high opacity and freedom 
from first-coat defects are not essential. Al- 
though white ground coats are receiving little at- 
tention today, their development will eventually 
be studied. 

To reduce further the quantity of enamel re- 
quired for a definite color standard, an investi- 
gation was made on the fineness of grind or par- 
ticle size of cover-coat slips as affecting opacity 
and shop-working properties and the results are 
being given in this report. 


II. Theoretical Data and Literature References 


A search of the ceramic literature reveals little 
pertinent data. It seems to be rather definitely 
settled, however, that opacity is due to the dis- 
persion of particles of a definite index of refrac- 


* Presented at the Annual Meeting, American Ceramic 
Society, Cincinnati, Ohio, February, 1934 (Enamel Divi- 
sion). Received July 13, 1934. 

1H. H. Holscher, Jour. Amer. Ceram. Soc., 15 [6], 353 
(1932). 
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tion within a medium with different index of re- 
fraction. These particles may be crystals, gases, 
or immiscible glasses dispersed throughout a 
glass medium. The X-ray work of Andrews’ 
has given a great insight into the various crystals 
present in enamels of different composition. 

Since opacity is the result of refraction, reflec- 
tion, and diffraction of light by particles, it follows 
that the size of these particles is of great impor- 
tance. Quoting from Stutz and Pfund’ 


When the particle size is greater than the wave-length 
of light, the weakening of a beam of light passing through 
is due to the reflection of the light by the surfaces of the 
pigment particles (a very efficient process). Decreasing 
the particle size increases the surface available and hence 
the amount of light transmitted. However, this con- 
dition does not hold if the particle size is small in com- 
parison with the wave-length of light. When a ray of 
light meets such a small particle, the particle acts as a 
source and scatters some of the light. Now, if the particle 
size is further reduced, while the number of particles is 
greatly increased, the efficiency of the scattering process 
becomes so low that the amount of light transmitted is 
greatly increased. 


It is therefore evident that, starting with a 
particle size large in comparison with the wave- 
length of light and decreasing the particle size 
continuously down to colloidal dimensions, the 
intensity of light reflected by an enamel must 
pass through a maximum for some definite par- 
ticle size. Stutz and Pfund* further state that 
“the pigment having a particle size of 0.24 mi- 
cron will have a maximum opacity no matter 
what the relative refractive indices of pigment 
and vehicle.”’ This explains why the pigments 
in use in the paint industry, where coverage is 
obtained in 0.003 or 0.004 inch film thickness, are 

4(a) A. I. Andrews, G. L. Clark, and H. W. Alexander, 


Jour. Amer. Ceram. Soc., 14 (9), 634 (1931). 
I. Andrews and J. P. Breen, ibid., 16 [7], 325 
1 
(c) A. I. Andrews, G. L. Clark, and H. W. Alexander, 
ibid., 16 [8], 385 (1933). 
* Stutz and Pfund, Jnd. Eng. Chem., 19, 1 (1927). 
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very ne. Similarly, it is recognized that tin 
oxide is a fine pigment but that finer grinding of 
enamel slips affects not only the primary but also 


the secondary opacifiers. 


The working properties of enamels are affected 
by the fineness of grinding. For instance, Sweely 
and Prince‘ report that milling to a fineness such 
that all passed a 100-mesh and from 5 to 10% 
was retained on a 120-mesh sieve gave more uni- 
form opacity results and improved finishes. Han- 
sen® states that tearing, curling, and better gloss 
will result from too fine grinding. This opinion 

[TT 
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Fic. 1.—Relation between opacity and weight (curves 
of constant fineness). 


is common in the industry and has been built 
up around results secured on the box-type fur- 
nace, rather than on the continuous furnace. 

Harrison,* working on a ground-coat slip, found 
that it decreases in mobility and increases in yield 
value with increased grinding or fineness. 


III. Experimental 

The enamels were milled in 5- 
(1) Procedure 1 4 foot mills, 1300 pounds 
capacity of frit per batch, or, for laboratory work, 
in one-kilogram ball mills. Fineness is given as 
‘ B. F. Sweely and E. S. Prince, Jour. Amer. Ceram. Soc., 

5 J. E. Hansen, ibid., 10 [7], 518 (1927). 


‘Ww. Bur. Stand. Tech. Paper, No. 356 
(1927). 


grams remaining on the specified screen, a 100- 
gram sample of enamel slip (density 1.79) being 
used. Laboratory samples were fired in the con- 
ventional laboratory box furnace, while in all shop 
experiments a continuous U-type General Electric 
air-seal furnace was used. A Priest-Lange re- 
flectometer was used for all opacity tests. A 
sphere correction of 1.07 has been applied to give 
all values relative to magnesium oxide as 100%. 

The opacity data presented in 
(2) Opacity Table I and Fig. 1 were deter- 
mined on a standard white frit milled with 6% tin 
oxide, 6% lump Vallendar clay, and '/,% magne- 


Taste I 
LaBoraToryY Opacity TESTS 
Fineness, grams on Grams of Weight 
cover Refiectivity* divided by 
200-mesh 325-mesh enamel/sq. ft. (%) reflectivityt 
23.4 32.8 25.0 51.1 0.49 
36.0 61.2 0.59 
57.0 69.6 0.82 
87.6 74.7 1.17 
119.8 78.3 1.55 
10.6 21.8 30.6 60.3 0.51 
48.2 68.5 0.70 
88.0 77.2 1.14 
118.3 78.7 1.51 
3.4 11.4 36.0 63.9 0.56 
58.6 71.9 0.82 
$4.0 76.6 1.10 
119.4 79.0 1.51 
0.3 2.0 26.6 58.9 0.45 
48.2 70.3 0.69 
69.2 75.8 0.91 
93.8 78.2 1.20 
114.4 79.5 1.44 
0.02 0.2 26.0 60.3 0.43 
41.0 70.1 0.58 
61.0 74.8 0.82 
84.2 78.0 1.08 
107.2 79.2 1.35 


* Relative to MgO as 100%. 
t See footnote No. 7. 


sium carbonate. Each point represents averages 
taken over three different panels. These data 
have been analyzed according to the method of 
McIntyre’ with three of the five curves obtained 
shown in Fig. 2. A slight deviation from a 
straight line is obtained with cover-coat applica- 
tion below 40 grams per square foot. Figure 3 
has been developed from data taken from Fig. 1. 

Over the range of fineness ordinarily used in 
shop practice, i.e., 4 to 9% on 200-mesh screen, 
there is little change in opacity at same enamel 
weight. However, from 12% down to 0.2% on 
325-mesh sieve there is an increase in opacity 


7 G. H. McIntyre, “Graphical Computation of Opacity 
of Porcelain Enamels,” Jour. Amer. Ceram. Soc., 17 [10], 
300 (1934). 
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varying from 3% at 50 grams enamel down to 
about 1.2% at 90 grams enamel. An advantage 
in fine grinding therefore is a gain in coverage of 
from 5 to 10 grams per square foot or an average 
of 10 to 15% less enamel. 

Similar opacity checks have been made on 
other commercial enamels and similar results 
obtained. For instance, in shop tests an enamel 
which requires 65 grams per square foot for a 
definite blue-white color limit will produce the 
same opacity at 58 grams if finer ground. Like- 
wise a more opaque enamel gives the same opac- 
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Fic. 2.—Linear relation between weight per opacity 
and weight (after McIntyre). 


ity at 55 grams coarse as at 48 grams fine. All 
tests show an average saving of from 10 to 15% 
cover enamel to secure the same reflectivity value. 
(3) Teari Innumerable tearing tests have 

© been made by using the Linde- 
mann-Danielson cross-bending machine. A 2- 
by 12-inch panel was sprayed to give a dry coating 


of 30 grams per square foot. After drying it was 
given a flexure of 0.6 inch and fired, tearing being 
visually noted. 


These tests have all indicated that the finely 
ground en: aiel has a greater tendency to tear than 
the coarse enamel. However, a great difference 
in tearing exists in ware fired in box-type and 
continuous furnaces, i.e., an enamel which is 
milled fine for satisfactory use in a continuous 
furnace is unusable in a box-type furnace. Sur- 
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prisingly enough, no greater tearing tendency has 
been evident in the laboratory furnace but here 
only small pieces are fired. Finely milled enamel 
does tear more than coarsely milled, but all tests 
indicate that, for use on the continuous furnace 
and with rigid pieces which do not flex during 
brushing, enamel may be milled much finer than 
is present practice, and satisfactory results still be 
obtained. In this connection, it is pointed out 
that the last decade has shown a gradual trend 
toward finer grinding. 

It should also be noted that the frit, mill addi- 
tions, and aging of the enamel slip have a notice- 
able effect on tearing and ename! strength. For 
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Fic. 3.—Relation between opacity and fineness (curves 
of constant weight). 


instance, coarsely ground aged enamel tears more 
readily than finely ground fresh enamel. 
The air pressure required 


(4) Spraying: 
for complete atomization 

was obtained by using 

Required standard spray equipment 


and by adjusting the 
atomizing air pressure by means of pressure regu- 
lating equipment to the point where the enamel 
slip was completely atomized. To determine 
when complete atomization had been reached, 
the slip was sprayed in a dust coat on fired ground 
coat and visual inspection was made of the particles 
of enamel. The pressure on the slip was kept 
constant as well as the slip orifice in the spray gun. 

Slip consistency was measured by means of a 
pipette recommended by Kinzie.* The consis- 


8 C. J. Kinzie and C. H. Commons, “Simple Consistency 
Pipette for Adjustment and Control of Enamel Slips,” 
Jour. Amer. Ceram. Soc., 13 [11], 894-95 (1930). 
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tency is given as the number of seconds required 
for the pipette to empty. Results are shown in 
Table ITI. 


Taste II 

ATOMIZATION AND CONSISTENCY TESTS 
Milling time Fineness ) = 
2 0 17.9 29.6 
2 40 8.4 18.3 75 42 
3 20 4.5 12.6 75 43 
4 0 2.2 7.6 70 49 
4 40 0.9 4.3 69 51 
5 20 0.4 2.5 68 55 
7 0 0.0 0.5 


The data show that the atomization pressure 
increased as the particle size diminished although 
the consistency of the slip decreased with particle 
size decrease. This is contrary to experience 
which has shown that a decrease in slip consis- 
tency decreases the atomization air pressure. 
However, the seemingly erroneous results can be 
explained by the fact that approximately 25% 
more slip was delivered (atomized) with the fine 
than with the coarse slip. Since the above tests 
were made, still finer enamel is being used. 

It is of interest to note that the finer slips spray 
considerably smoother and more uniform than 
coarse ones. It is our experience that spray opera- 
tors will always choose a fine slip for spraying 
rather than a coarsely milled one. 

(S) Rate of No actual data have been taken 
showing rate of settling with par- 
Settling ticle size. However, shop experi- 


ence over a period of eight months has shown that 
suspension is much better with the fine slip than 
with the coarse. This has resulted in less loss 
from material settling out, and more uniformity 
since the slip is more uniform. 


IV. Equipment 


As shown in Table II the fine 
Q): Milling enamel slip required approximately 
75% longer milling time than the coarse. It is 
estimated that this increased milling would re- 
sult in an increase of approximately ten cents per 
hundred pounds of milled enamel. This increase 
would be due to increased power and increased 
wear on the mill lining and balls. 
(2) Spraying While no definite data have yet 
been taken to compare the life of 
spray equipment with the coarse and fine slips, 
shop experience indicates that the life of such 
equipment, particularly spray guns, will be ex- 
tended by at least 50% with the use of the finely 
milled slip. 
Shop experience has shown that 
(3) Wing ‘approximately 30° higher tempera- 
ture is required to mature a coarsely milled slip, 
i.e., to produce finishes of equal gloss. This is 
to be expected since the finer particles fuse more 
readily than the coarser ones. 


Eprson General Execreic Appiiance Co., Inc. 
5600 West Taytor Street 
Curcaco, ILLINors 
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THERMAL CONDUCTIVITY OF REFRACTORIES UNDER OPERATING 
CONDITIONS* 


By R. H. Herman! R. S. Brapiey?* 


ABSTRACT 


The thermal conductivity of six brands of refractories was measured under conditions some- 
what similar to actual operating practice. The inside dimensicns of the test furnace were approxi- 
mately 6 by 8 by 10 feet, and the test panels were approximately 3 by 3 feet and 10'/; inches thick. 

Conductivity curves, temperature gradients, and part of test log are given. The refractories 
tested were magnesite, silica, chrome, Mexko, Mizzou, and Kruzite brick. 


I. Introduction 


One of the objects of the Subcommittee on 
Heat Transfer and Refractory Insulation (C-8 
A.S.T.M.) is to develop a method for determining 
the thermal conductivity of refractories. It is 
well known that there is considerable variation 
in the values reported by investigators for the 
thermal conductivity of refractories of similar 
characteristics. For this reason, it was deemed 
advisable to select several hundred silica and 
fireclay brick and to forward samples of these brick 
to several different laboratories for test. The 
brick were carefully selected, measured, and 
weighed to obtain as near as possible samples of 
uniform density. 

The results of these conductivity tests on brick 
practically alike in physical characteristics should 
give a comparison of the various testing methods 
and should greatly assist the Committee in de- 
veloping a standard method for determining 
thermal conductivity. The object of this paper 
is to give the results of conductivity tests con- 
ducted in this investigation. 


Il. Apparatus 


These tests were conducted on an 
experimental furnace* and were 
on a scale somewhat larger than ordinary labora- 
tory conditions, as the furnace used had inside 
dimensions of approximately 6 by 10 feet and was 8 
feet high. Six different panels or types of refrac- 
tories were tested at the same time. 

The test panels were built into the furnace 


* Presented at the Annual Meeting, American Ceramic 
Society, Cincinnati, Ohio, February 15, 1934, as pert of the 
Symposium on Heat Transfer through Refractories and 
Insulation in Industrial Furnaces, organized for the 
General Session by members of the Refractories Division 
(Fred A. Harvey, leader). Received August 17, 1934. 

! Senior Industrial Fellow, Mellon Institute, Pittsburgh, 
Pa. 

? Director of Research, A. P. Green Firebrick Company, 
Mexico, Mo. 

* The A. P. Green Firebrick Company, Mexico, Mo. 


(1) Furnace 
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wall and consisted of a 9-inch thickness of the re- 
fractory under test backed up by 1'/, inches 
thickness of insulation; the panels were large 
so as to minimize edgewise flow of heat. Four of 
these panels were 36 by 36 inches and two were 
31'/, by 36 inches in cross-sectional area. Two 
panels were placed in the north, two in the south, 
and two in the east side of the furnace. The gas- 
and oil-burner ports were located in the west side. 
Gas fuel only was used in these tests. Draft- 
gage connections were installed in the north and 
south sides of the furnace. Sighting tubes were 
also installed so that an optical pyrometer could 
be sighted in the center wall of each test panel. 

Nore: The magnesite, silica, and chrome brick were 
supplied by the Harbison-Walker Refractories Company, 
the Mexko, Mizzou, and Kruzite brick, by the A. P. 
Green Firebrick Company, and the Alumino-Hi-Temp 
insulation, by the Philip Carey Manufacturing Company. 
Eight thermocouples were 
inserted in the wall of each 
test panel as shown in Fig. 1. Four standard 
9- by 4'/:- by 2'/:-inch brick were tested in each 
panel, and the thermocouples were so arranged as 
to measure the temperature near the surface 
of each test brick, the temperature gradient being 
through the 4'/:-inch dimension of the brick. 
The hot side temperature of each test brick was 
measured with 0.022-inch diameter platinum- 
platinum 13% rhodium thermocouples and the 
temperatures of the cold faces of the two cooler 
brick were measured with No. 10 gage chromel- 
alumel wire. The cold face of the insulation was 
measured with No. 29 gage copper-constantan 
wire. 

The platinum-platinrhodium thermocouples 
were protected with small two-hole insulating 
tubing. The tubing was placed in a groove cut 
in the 9- by 2'/:-inch and the 4'/:- by 
faces of the test brick. The bead of the thermo- 
couple was forced to the bottom of the groove 
and was in the center of the 9- by 2'/,-inch edge 


(2) Thermocouples 
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at a depth of approximately */\. inch from the 
hot surface of the brick. A length of 4'/: inches 
of the thermocouple wire was, therefore, in the 
same temperature zone. This length should elimi- 
nate any possibility of heat being carried away 
from the junction with a resulting low-tempera- 
ture reading. 

The depth of the thermocouple grooves was 
carefully measured at the points where the beads 


| 


— 


| 
2 ° 
3 ° 
4 
5 © 
6 © 
7 e 
9 


Fic. 1. 


of the couples were inserted, and the width of 
each brick was measured. These measurements 
gave the distance between thermocouple beads 
in the direction of heat flow. The measurements 
are given in Table I. The insulating tubing and 
the couple beads were held in place with a stiff 
mortar made from the same materials as the test 
samples. 

Grooves were not cut for the chromel-alumel 
couples inasmuch as the junctions were pressed 


up against the refractory and into the surface of 
the Alumino-Hi-Temp insulation. The copper- 
constantan thermocouples were cemented with 
sodium silicate into small grooves cut in the 
outer surface of the insulation. The depth to 
which the chromel-alumel couples were forced 
into the insulation was also measured to give the 
effective thickness of the insulation in line with the 
thermocouples. Platinum-platinrhodium thermo- 
couples were also placed in pyrometer tubes be- 
tween the test panels on three sides of the fur- 
nace as an additional check on the optical pyrome- 
ter readings taken on the center face of each test 
panel. 

The electromotive force of all thermocouples 
was read with a Leeds and Northrup portable 
potentiometer. 


Ill. Procedure 


The test was conducted by main- 
2) Feat Seg taining as uniform a temperature 
as possible within the furnace until the steady 
state had been reached. The furnace tempera- 
ture was controlled by holding constant the 
temperature of the two thermocouples between 
the test panels on the north and south sides of the 
furnace. Readings of all thermocouples were 
taken frequently until practically no change 
took place in any of the couples. The last two 
readings were then used in calculating the con- 
ductivity of the test samples. The conductivity 
was determined from the temperature gradient 
and the heat flow through the panels. The rate 
of heat flow was determined from the drop in 
temperature through the insulation and the con- 
ductivity of the same at the mean temperature 
corresponding to the measured temperatures of 
the insulation. 
The test log for the last two readings of the six 
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Panel No.1 Panel No. 2 
ite chrome 
Bk. (in.) (in.) 

Brick width 1 4! /; 
Groove depth 1 3/1 
Bead depth 1 5/s9 
Brick width 2 
Groove depth 2 
Bead depth 2 5/s9 
Brick width 3 417/55 
Groove depth 3 
Bead depth 3 
Brick width 4 4° 4' /; 
Groove depth 4 
Bead depth + / n 


Panel No. 3 Panel No. 4 Panel No. 5 Panel No. 6 
Mizzou Kruzite silica Mexko 
(in.) (in.) (in.) (in.) 

12/9 
13/49 10/9 
4'/, 
*/s3 10/9 
5/9 
1/9 
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Taare Il 
Test Loo ror Furnace Temperature or 1650°F 
Thermo- Optical 
couple pyrom- 
Milli- T Milli- T Milli- Temp. Milli- Temp. Méilli- T Milli- T . Milli- T Milli- Temp. Milli- T » 2 

volts i) volts CF volts (°F) volts (°F) volts (°F volts CH volts (**) volts (°F) volts CP CF 
Magnesite pace! 

8.93 1612 8.90 1610 7.79 1449 7.85 1458 28.48 1263 28.95 1284 6.16 287 6.07 282 9.09 1636 
8.92 1612 8.90 1610 7.78 1447 7.84 1458 28.48 1263 28.98 1284 6.08 284 5.98 279 9.12 1641 1630 
Chrome panel 

8.90 1610 7.50 1410 7.50 1410 27.40 1218 27.40 1218 5.54 264 5.52 263 

8.93 1612 7.50 1410 7.50 1410 27.40 1218 27.40 1219 5.52 263 5.51 263 1646 
Mizzou panel 

8.91 1612 8.87 1607 7.15 1855 7.12 1352 24.22 1087 24.40 1094 5.07 5.32 255 9.25 1655 

8.94 1613 8.89 1609 7.15 1355 7.14 1853 24.28 1088 24.42 1004 5.13 5.35 256 9.25 1655 1652 
Kruzite panel 

8.96 1617 8.90 1610 7.43 1400 7.40 1394 26.00 1159 25.97 1155 6.42 259 5.45 260 

8.94 1615 8.89 1609 7.43 1400 7.40 1394 26.00 1159 25.98 1155 5.28 254 5.31 255 1646 
Silica panel 

8.80 1595 8.78 1590 7.30 1380 7.31 1381 25.70 1146 25.53 1140 5.06 245 4.94 240 9.17 1650 

8.79 1592 8.79 1592 7.32 1382 7.32 1382 25.70 1146 25.55 1140 5.08 247 4.85 237 9.09 1639 1652 
Mexko panel 

9.12 1642 9.09 1639 7.50 1410 26.50 1182 26.28 1168 5.18 250 5.18 250 

9.10 1640 9.05 1634 7.50 1410 26.54 1182 26.30 1168 5.22 251 6.22 251 1630 


different refractories at a furnace temperature of 
approximately 1650°F is given in Table LI. 
Temperature gradients were 

(2) Temperature obtained for the six panels 
Gradients 
for furnace temperatures of 
approximately 1650°F and 2040°F. 

Nore: An accident occurred during the third run when 


the furnace temperature was at approximately 2550°F 
which prevented the continuation of the tests. 


The time required for the temperatures through- 
out the test panels to become constant was ap- 
proximately 48 hours although the furnace 
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temperature was raised from the lower tempera- 
ture to the higher temperature in a compara- 
tively short time. 


The average temperature gradients for the six 
panels are shown in Fig. 2 for the furnace tem- 
perature of approximately 2040°F. The hot-face 
temperature of the refractory, as read by the 
optical pyrometer, is always higher than the tem- 
peratures indicated by the thermocouples in the 
grooves of the fire brick with the exception of the 
Kruzite panel in which the two temperatures re- 
corded are the same. This is probably due to an 
error in reading the optical pyrometer on the 
Kruzite panel as in the 1650°F furnace tempera- 
ture reading the optical pyrometer gave a tem- 
perature of 1646°F and the thermocouple, 1613°F. 


After the tests were com- 
(3) Determination pleted at Mexico, Missouri, 


the Alumino-Hi-Temp in- 
ductivity of sulation was removed from 
Insulation 


the exterior of the panels, 
marked for identification, and shipped to Mellon 
Institute, where the thermal conductivity was de- 
termined with the apparatus described in a former 
paper.‘ Two similar. 9-inch diameter disks were 
required in this test. One disk was cut from each 
of the 9-inch wide blocks which were directly be- 
hind the two fire brick in the original tests. The 
thickness of the insulating blocks and the depth 


*R. H. Heilman, “Apparatus for the Determination of 
Thermal Conductivities of High-Temperature Insulation,’’ 
Trans. Amer. Inst. Chem. Eng., 18, 283 (1926). 
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to which the thermocouple bead penetrated the 
block was measured with a specially constructed 
apparatus capable of measuring to 0.001 inch. 


infront of 
Ja 
Ros 
Z 
Ror 
800 1200 600 
Mean temperature °F 
Fic. 3.—Note: Alumina H-T at top of cut should 
read Alumino-H-T. 


The conductivity curves for the insulating blocks 
behind the various refractories are shown in 
Fig. 3. 

IV. Results 


The thermal conduc- 
(1). Semple Coloutetions tivity of the refrac- 


tories tested is calculated from the following 
formula: 


pee 
k “par (1) 
Where k = thermal conductivity (B.t.u./hr.~'/ft.—*/- 
°F ~*/in.) 


¢ = heat flow (B.t.u./hr./sq. ft.) 
= thickness of 
& = hot-surface temperature (°F) 
= cold-surface temperature (°F) 
The heat flow, g, through the furnace wall is 
calculated from the formula 


k(t — 4) 
@) 


The thermal conductivity of the insulation for the 
mean temperature corresponding to the test con- 
ditions ‘s obtained from Fig. 3. For example, the 
thermal conductivity of the two Mizzou brick in 
the hot zone of the wall for the approximate fur- 
nace temperature of: 1650°F is calculated as 
follows: 

The average temperature on the hot side of the 
insulation is (1087 + 1088 + 1094 + 1094)/4 or 
1091°F. The average temperature of the outer 
surface of the insulation is 251°F and the mean 
temperature between the hot and cold side is 
(1091 + 251)/2 or 671°F. The temperature drop 
through the insulation is 1091 — 251 or 840°F. 


From Fig. 3 it is seen that the thermal con- 
ductivity of the insulation backing the Mizzou 
brick is 0.725 for a mean temperature of 671°F. 
The thickness of the insulation between the ther- 
mocouples was found to be 1.523 inches. The heat 
flow through the insulation and the Mizzou brick 


is therefore a oe or 400 B.t.u. per sq. ft. 
1.523 
per hr. 


The average distance between the centers of the 
thermocouple beads in the hot faces of the 
Mizzou brick was found to be 4.515 inches. The 
average hot-face temperatures of the four brick 
as indicated by the thermocouples was 1610°F 
and 1354°F. The thermal conductivity of 
the two hottest Mizzou brick is_ therefore 
400 X 4.515 
1610 — 1354 
1482°F. The thermal conductivity of the two 

400 X 4.177 
cooler Mizzou brick is found to be 1354 — 1091 
or 6.35 for a mean temperature of 1222°F. 
The thermal conductivity 


or 7.05 for a mean temperature of 


caer of of the various refractories 
Refractories Tested tested was calculated in 


the above manner. Since 
only two separate temperature runs were ob- 
tained in the test, only two points were obtained 
for each of the hotter and cooler brick and since 
the temperatures of the two hotter brick were 
averaged and likewise the temperatures for the 
two cooler brick, only two conductivity curves 
were obtained for each type of brick. The two 
points in each case were joined with a straight line 
with the exception of the magnesite brick. A 
curve was used for this material since various in- 
vestigators obtain a curve in which the con- 
ductivity decreases with increase in temperature. 

The conductivities are shown in Fig. 4, in 
which the solid lines represent the actual tempera- 
ture range covered by the test and the dotted 
lines are extrapolations of the solid lines. 


V. Alternate and Check Method 


When the conductivity 
(1) Conductivity from test at Mexico, Mis- 


Surface Losses 
souri, was planned, it 


was intended to measure the heat flow through 
the refractory from the loss of heat from the sur- 
face of the insulation to the atmosphere and sur- 
roundings. This method should give a check on 
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the method used and if it proved reliable would 
be much simpler than the method used since it 
would not be necessary to determine the con- 
ductivity of the insulation in order to calculate the 
heat flow. However, since the furnace used was 
of the suspended wall type and was not insulated 
with the exception of the test panels, it was found 
that localized heating from the uninsulated por- 
tions of the furnace prevented the accurate 
measurement of heat flow from the surface. 
Previous large-scale tests conducted on a tun- 
nel kiln of the Philip Carey Company in East St. 
Louis indicated that excellent results could be ob- 
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tained by this method. In this case, the kiln 
was completely insulated. Temperature meas- 
urements were taken on the surfaces of two of 
the insulating blocks and measurements of air 
temperature and surrounding wall were also 
taken. The heat flow was calculated from a 
formula and the graphs published by one of the 
authors. The conductivity of the block was 
calculated from the heat flow and temperature 
drop through the blocks. The msulating blocks 
were then removed and shipped to Mellon In- 
stitute and the conductivity was measured in 
the apparatus previously described.‘ It was 
found that the conductivity as measured at the 


*R. H. Heilman, “Surface Heat Transmission,” Trans. 
Amer. Soc. Mech. Eng. (FSP), 51, 257 (1929). 
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Institute checked within 1% of the values ob- 
tained at East St. Louis from the surface-loss 
measurements. 

A smaller insulated furnace is now being con- 
structed,* and an attempt will be made to measure 
conductivities of refractories by the two methods 
described above. 


VI. Conclusions 


The large-scale tests described in this report 
offer a practical means of determining thermal 
conductivities of refractories while they are under 
actual operating conditions. 

The tests were conducted with the primary 
purpose of comparing this type of test with those 
conducted under laboratory conditions so. that, 
if the practical test showed possibilities as to re- 
liability of results, it could be used to determine 
heat flow on many existing furnaces. A smaller 
furnace could also be built for the sole purpose of 
thermal-conductivity and heat-flow tests in which 
the effect of extremely high temperatures, pressure, 
infiltration, etc., could be studied. 

From the results of the tests conducted, it is 
believed that this type of test has very good pos- 
sibilities. 

It is regretted by the authors that at least one 
more point was not obtained as this would estab- 
lish the conductivity curve more definitely and 
also that platinum-rhodium couples were not 
used in measuring the hot-surface temperature 
of the insulating brick. The use of the 10-gage 
chromel-alumel couple possibly constituted the 
greatest source of error in these tests, as the 
large bead pressed into the insulation, owing 
to the great temperature drop through the insula- 
tion, would probably read higher than the true 
temperature in the insulation at the depth corre- 
sponding to the center of the bead. 

This would result in the conductivity of the re- 
fractory as calculated from the test results 
being lower than was actually the case. 

The greatest error from this source occurred 
in the case of the silica brick, for it was found that 
the depths of the thermocouple impressions 
in the insulating block were 0.084 and 0.156 inch 
or an average of 0.12 inch. Assuming that the 
thermocouples read the temperature of the outer 
surface of the fire brick and that the error was in 


* At the Mexico, Mo., plant of the A. P. Green Firebrick 
Company. 
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proportion to the thickness of the block at the 
bottom of the indentation to the actual overall 
thickness of the block, the error would be 8.3%. 
However, the thermocouple would actually read 
lower than the true surface temperature of the 


brick so that the error would probably be not 
greater than 5%. 

The error from this item in the other refractories 
would probably vary from 1 to 4%. 


THE RELIABILITY OF MEASUREMENTS OF THE THERMAL CONDUCTIVITY 


OF REFRACTORY BRICK* 
By J. B. Austin aNnp R. H. H. Prercs, Jr. 


ABSTRACT 


In the report on the codperative tests on heat transfer through refractories presented at the 
Symposium in Cincinnati last February two important points, (1) the reproducibility of the meas- 
urement on a given brick in the same apparatus and (2) the possibility of variation in the brick 
tested at the different laboratories, were not adequately discussed. A thorough test of these 
points would require a large number of measurements on one brick and a rather large number of 
specimens, with a statistical treatment of the results, but a preliminary study on a smaller amount 
of data has led to some useful conclusions. 

The examination of a set of silica brick similar to those used in the codperative tests and of 
the set of silica brick used by Wilkes in his measurements shows that with our apparatus, which is of 
the Wilkes’ type, the individual readings taken on a single brick do not deviate from the average 
of a number of readings by more than 5%; and the real variation in the thermal conductivity of 
these brick appears to be less than can be detected in our apparatus. It is concluded, therefore, 
that the source of the differences existing in the values reported by the several codperating labora- 


tories lies not in the sample but almost entirely in the methods employed. 

In addition to the results on the silica brick mentioned, data are given for the thermal con- 
ductivity of three brands of silica splits and for fireclay splits. 

A detailed description of the apparatus is also given. 


I. Introduction 


In a discussion communicated to the recent 
Symposium} conducted by the American Ceramic 
Society on heat transfer through refractories, it 
was pointed out by Sosman that two important 
points, namely, the reproducibility of the meas- 
urements on a given brick in the same apparatus 
and the possibility of variation in the brick tested 
in the different laboratories, had not been ade- 
quately covered. Since much of the value of the 
codéperative tests whose results were presented 
at this Symposium depends on the validity of the 
assumptions of strict reproducibility and of 
uniformity of sample, an investigation has been 
made to determine to what extent these assump- 
tions are justified. A thorough test would require 
a large number of measurements on one brick and 


* The data in this paper will be reported at the Annual 
Meeting, American Ceramic Society, Buffalo, N. Y., 
February, 1935 (Refractories Division). Received Octo- 
ber 20, 1934. 

t Symposium on Heat Transfer through Refractories and 
Insulation in Industrial Furnaces, American Ceramic 
Society, Cincinnati Meeting, February, 1934. 


a rather large number of specimens, the results to 
be treated by statistical methods; but a prelimi- 


. mary study has shown that useful conclusions can 


be drawn from a much smaller amount of data. 
Thus, our results with the Wilkes’ type of ap- 
paratus used in this laboratory indicate that in- 
dividual readings taken on a single brick may 
deviate from the average of a number of readings 
by +5% and that the real variation in the 
thermal conductivity of the silica brick tested in 
the codperative investigation is less than can be 
detected. with this apparatus. Hence, the evi- 
dence supports the conclusion that the source of 
the differences existing in the values reported 
by the several laboratories lies, not in the samples, 
but almost entirely in the methods employed. 


Il. Apparatus 


Since the reproducibility and absolute accuracy 
of measurements of thermal conductivity seem to 
be a function of the type of apparatus used and are 
probably influenced by the details of construc- 
tion, the apparatus with which our data were 
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obtained is described below in some detail. In 
principle it is identical with that devised by 
Wilkes! to whom we have been indebted for in- 
formation concerning the method in advance of 
publication. 

The essential features of the apparatus, shown 
in Fig. 1, can be roughly divided into three parts, 
namely, (1) a source of heat, which is an insulated 
electric furnace, open at the bottom and heated 
by Globar units, (2) the sample to be tested, which 
is usually, but not necessarily, in the form of three 
standard 9-inch brick or splits, with a surrounding 
guard ring of insulating brick, and (3) a water- 


Fic. 1.—Cross-section of apparatus. 


cooled calorimeter with a guard ring for determin- 
ing the heat-flow through the sample. 

The furnace consists of a sheet-iron box, lined 
with 4'/, inches of fire brick, bonded with a re- 
fractory chrome cement. The nine °/s-inch Glo- 
bar heating units, each of which is capable of 
carrying 30 amperes at 55 volts, are spaced about 
1 inch apart and are connected electrically so 
that three groups of three each in parallel are con- 
nected in series, an arrangement which has 
proved entirely satisfactory. Asin Wilkes’ ap- 
paratus, water cooling of the Globar terminals 
is avoided by the use of perforated brass bars or 
tubes, contact between radiator and Globar 
being made by rods of chromium-nickel steel 
which are insulated from the walls of the furnace 
by porcelain tubes. Several compositions of steel 
were tried, but the most satisfactory results were 


'G. B. Wilkes, “Thermal Conductivity of Magnesite 
Brick,” Jour. Amer. Ceram. Soc., 16 (3), 125 (1983). 
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obtained with steels containing 27% chromium, 
or 25% chromium and 12% nickel. Small strips 
of heavy spring brass fitted with screws permit the 
pressure upon the ends of the terminals to be 
varied and also enable the contacts to be cleaned 
by a rotation of the terminals when the resistance 
of the oxide film becomes too great. The maxi- 
mum temperature which can be safely used in the 
furnace depends chiefly on the melting point of 
the chromium-nickel steel, which is not far above 
2550°F (1400°C), but with the cooling arrange- 
ment described the furnace has been heated 
to a temperature sufficient to raise the top surface 


Fic. 2.——Diagram showing water channels in the guard 
ring. 


of the sample to approximately 2600°F (1430°C). 
The whole furnace is balanced by a cuunterweight 
so that it can be easily raised and lowered. Power 
is supplied at constant voltage by a 10-kva syn- 
chronous motor-generator with a field excited by 
a storage battery. 

The calorimeter was made by milling a con- 
tinuous channel in a block of brass, 3 by 5 by '/s 
inch, and soldering a brass plate on the open side. 
The water enters ome corner, passes across the 
width of the block and back five times, and leaves 
at the corner diagonally opposite to that by which 
it entered. Two thermocouple wells; screwed into 
the block at the ends of the channel, serve to hold 
a 5-junction iron-constantan differential thermo- 
couple, with which, after proper calibration, it 
was possible to measure within 0.01°C (0.018°F) 
the rise in the temperature of the water passing 
through the calorimeter. This rise varied from 
2.5°C (4.5°F) when the samples were in the low- 
temperature range to 10.5°C (19°F) when they 
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were at maximum temperature. In the early 
work trouble was experienced with severe cor- 
rosion of the thermocouple wires through the 
condensation of moisture upon them in humid 
weather, but this difficulty was largely overcome 
by encasing the wires in rubber tubing or wrap- 
ping them with rubber tape. 

The guard ring (11 by 13'/2 by '/: inch) was 
constructed in the same way as the calorimeter, 
but has a hole 3*/32 by 5*/s: inches in the center to 
accommodate the latter, the gap between the two 
being filled with shredded asbestos. The guard 
ring, although made in one piece, is actually a 
double one, being fitted with four water connec- 
tions, two entrances and two exits, so that there is 
one flow of water immediately around the calo- 
rimeter opening and another to take care of the 
outer edges. This arrangement is shown in Fig. 
2. The combination of calorimeter and guard 
ring is supported at the corners of the latter and 
under the calorimeter by wooden blocks, the 
calorimeter being further steadied by the water 
pipes and the asbestos packing between it and the 
guard ring, The whole assembly is contained in a 
sheet-iron box packed with blast-furnace slag 
wool as insulation. An overflow tank mounted 
above the furnace supplies water at a constant 
head, a precaution which must be taken if con- 
sistent results are to be obtained. The tempera- 
ture of the incoming and outgoiag water is indi- 
cated by a set of Beckmann thermometers in 
wells in the cooling-water system as shown in the 
figure. It was found desirable to insulate the 
brass water-tubes from the sheet-iron box and also 
to lag the parts exposed to the air with pipe cover- 
ing. The samples to be tested, usually in the form 
of 3 standard size brick (9 by 4'/: by 2'/: inches) 
or splits (9 by 4'/: by 1'/, inches) are placed on 
top of the calorimeter and guard ring and are 
surrounded by a ring of insulating brick. The 
center brick, which covers the calorimeter and 
which is the brick whose conductivity is actually 
measured, has 3 platinum-10% platinrhodium 
thermocouples attached to it. One is cemented 
into a shallow groove cut in the top of the brick; 
another is similarly placed at the bottom and the 
third is inserted into a small hole drilled parallel 
to an isothermal plane about the middle of the 
brick so that its junction is approximately at the 
center. It is held in place by tamping with dry 


brick.powder. With this arrangement it is pos- 
sibie to determine the conductivity for three 


different mean temperatures. Two more thermo- 
couples were placed on the top and bottom of one 
of the side brick to permit a check on the uni- 
formity of temperature on the top and bottom 
surfaces of the brick. All these couples are cali- 
brated periodically against the melting point of a 
standard sample of zinc. The cracks between 
the brick are filled with powder ground from 
another brick from the same lot. 

The apparatus is also suitable for testing large 
blocks, powders, and fibrous materials such as 
slag wool, the examination being carried out as 
described for brick. With powders or woolly 
materials the sample is packed into the space 
occupied by 3 standard size brick, and a 9- by 
13'/2-inch silicon-carbide plate is placed on top. 
This serves to equalize the temperature over the 
top of the specimen and also holds the top thermo- 
couples in place. 

The procedure followed in making a determina- 
tion is as follows: The sample is put into place, 
the furnace is lowered into position, and the heat- 
ing current is set at a value which will produce a 
temperature of between 200°C and 300°C at the 
top surface. The furnace is left in this condition 
for 24 hours, which experience has shown is, in 
most cases, sufficient for the attainment of thermal 
equilibrium; the water flow is adjusted so that 
the rise in temperature of the water in passing 
through the guard ring is approximately the same 
as in passing through the calorimeter; and the 
electromotive force of the several thermocouples 
is read by means of an ice bath and a potentiome- 
ter sensitive to 5 microvolts. The volume of 
water flowing through the calorimeter in a five- 
minute interval is also measured, completing the 
data necessary for the calculation of the con- 
ductivity. A check reading is made 10 to 15 
minutes later and if the two measurements agree 
the heating current is increased by an amount 
sufficient to raise the temperature of the hot sur- 
face of the sample by approximately 200°C. An 
interval of 24 hours is allowed for equilibrium to 
become established after which another set of 
readings is made. By repeating this schedule it 
is possible to obtain four sets of measurements 
on heating or three on heating and one on cooling 
in a week, which is the usual duration of a test. 

While this procedure seemed on the whole to 
give satisfactory results it was not always pos- 
sible to have the top and bottom surfaces of 
the sample at exactly the same temperature as 


the corresponding surfaces of the two guard-ring 
brick. In the best runs the difference was small 
as is shown by the following temperatures as read 
by couples 1 and 4, respectively (Fig. 1), during 
one of the runs on the standard silica brick: 
648°, 641°; 769°, 766°; 962°, 962°; 1082°, 
1085°; but in a few cases the difference was as 
high as 15°C. On the cool surfaces (couples 3 
and 5 in Fig. 1) somewhat greater difficulty was 
encountered in getting the couples to agree, as is 
shown by the data for a typical determination: 
120°, 115°; 158°, 151°: 170°, 164°. The 
magnitude of these differences was rather puzzling 
at times, especially since in many cases the final 
results would show excellent agreement even 
though the thermocouples would indicate that the 
top and bottom surfaces were not strictly iso- 
thermal. The difficulty appeared to be chiefly 
one of getting the same surface in each case; 
and the exact method of locating the couple and 
fixing it in place seemed to have an influence. 
It is believed, therefore, that these comparative 
measurements of the surface temperature of 
specimen and guard-ring brick do not always give 
a true picture of the real test conditions but may 
show differences other than those that actually 
exist. An effort was always made, however, to 
keep the thermocouple readings as close together 
as possible. 


Ill. Samples Tested 


In order to obtain data which would be directly 
applicable to the results presented at the Sym- 
posium, two sets of the silica brick used in the co- 
operative investigation were tested.* 

In addition to these samples, silica splits of 
three well-known and widely used brands were 
selected at random from lots of 48 supplied by 
each of the manufacturers, who were not informed 
that the brick were to be used for test purposes. 
Brand G were made by a drop machine from 
Medina quartzite and were fired to cone 18 (ap- 
proximately 2715°F) in a periodic kiln. Their 
true specific gravity was stated to be close to 
2.31, and the open pore space was approximately 


2 The first set was supplied by R. E. Birch of the 
Harbison-Walker Refractories Co., who supplied the 
samples for the codperative test, and was, judged by the 
qualities which can be determined by inspection, equiva- 
lent to the brick furnished to the other laboratories. The 
second set was loaned to us by G. B. Wilkes and was a 
part of the set examined by him in his apparatus, two of the 
brick being those used as guard brick in his measurements 
while the third was an unused brick from the same lot. 
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29%. Brand H were made by the same process 
from a Jacks Mountain (Pennsylvania) ganister 
and were fired in a downdraft kiln to 2550°F. 
Brand L were air-hammer molded and were fired 
in a periodic kiln until cone 19 went down in the 
center (approximately 2770°F). 

Finally a number of firebrick splits of a well- 
known make were tested as a further check on the 
data on reproducibility and uniformity obtained 
with the silica brick described above. They were 
hand-made from a mixture of hard and soft Penn- 
sylvania clay (no plastic clay was used) and were 
classified as ‘“‘medium to hard firing.”” The 
porosity was 23%. 

The effect of thickness of sample was deter- 
mined on a standard-size silica brick and on a 
split made from the same batch, both having a 
porosity of 32%. 


IV. Results 


In order to avoid confusion in the diagrams giv- 
ing the results, the experimental points have been 
omitted except in Fig. 6, in which they are given 
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Fic. 3.—Temperature variation of thermal conductivity 
for silica brick as used in the codperative test. 


to show the number of individual observations 
and the magnitude of their deviation from the 
smooth curve in a typical case. 

Figure 3 gives the results of our. measurements 
on the silica brick studied in the codperative tests. 
Curve 1 of this figure represents the thermal 
conductivity of the unused brick in the lot sup- 
plied by Wilkes as measured on the first run. At 
the completion of the run the brick was removed 
from the furnace, the thermocouples were taken 
off, then replaced, and the brick was restored as 
nearly as possible to its original position in the 
furnace. Another run made after the replacement 


| 

| 

200 400 600 

t 

0 

| 


52 Austin and Pierce 


gave the values shown by curve 3. One of the 
guard-ring brick used by Wilkes, which had also 
served as a guard brick in the measurements on 
the unused brick, was then interchanged with the 


_ latter giving curve 2. The brick supplied by 


Birch gave curve 4 on the first run and curve 5 
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Fic. 4.—Influence of temperature on thermal conductivity 
of three well-known brands of silica splits. 


after they had been removed from the furnace 
and replaced, as described for Wilkes’ brick. 
The dashed line in the figure represents the 
measurements reported by Wilkes at the Sym- 
posium, expressed in the same units as our values. 

The measurements on the set of three well- 
known brands of silica splits gave the curves 
shown in Fig.4. | 

The results for the fireclay splits are given in 
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Fic. 5.—Influence of temperature on thermal conductivity 
of fireclay splits. 


Fig. 5, in which curves 1, 2, 3, and 4 represent 
the conductivity of four splits selected at random 
from a lot of fifty supplied by the manufacturer. 
Curve 3A is for a second ‘run on sample 3 after it 
had been taken out and replaced as with the 
other brick tested in this way. Figure 6 gives 
the conductivity of a standard size silica brick 
and of a split made from the same mix and given 
the same firing. 

It is to be noted that the curves as drawn show 
mean thermal conductivity plotted against mean 


temperature. This method is convenient, since 
it gives the actual experimental observations and 
is widely used, but it has the disadvantage that 
it does not permit a true comparison to be made 
between the results of different investigators un- 
less the curves for true conductivity versus tem- 
perature are straight lines. If this is the case, the 
mean conductivity is numerically identical with 
the true conductivity at the mean temperature. 
In general, however, the true conductivity of the 
brick to be compared should be calculated by the 
method of Wilkes.' 

In the present case the observed mean con- 
ductivity, of the silica brick at least, is a straight 
line within the limit of accuracy of the observa- 
tions so that there is justification for assuming 
that the curves also represent true conductivity 
against temperature. In fact, the only condi- 
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Fic. 6.—Comparison of measurements of the thermal 
conductivity of a standard-size silica brick and a split 
made from the same mix. 


tion under which this assumption is likely to be 
seriously in error is when the true conductivity is 
far from a linear function of temperature, as for 
example in magnesite or silicon carbide. 


V. Discussion 


A check on the overall 
reproducibility of the 
apparatus was obtained 
in three different cases by duplicate measure- 
ments on the same brick after it had been 
removed ‘from the furnace and replaced. These 
comparisons are given by curves 1 and 3 and 4 
and 5 of Fig. 3 and by curves 3 and 3A of Fig. 5. 
The greatest variation observed was between 
curves 1 and 3 of Fig. 3, in which case the second 
run (curve 3) gave values some 10% lower than 
the first. In the other two cases the actual differ- 


(1) Reproducibility of 
the Apparatus 
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ence was less than 5%. The deviation from the 
average of the several measurements shown in 
Fig. 3 is, however, approximately +5% at the 
greatest and is usually less than that. We be- 
lieve, therefore, that the data obtained with 
our apparatus are reproducible within + 5% and 
the probable deviation from the mean will be 
somewhat less. It is not claimed, however, that 
the mean values are accurate to this degree. 

Since this paper was submitted for publication 
we have obtained another check on the repro- 
ducibility of the apparatus through the deter- 
mination of the conductivity of two chromite 
brick, made at different times but believed by the 
manufacturer to be equivalent. 
show agreement within 5% as in the cases given 
above. 

In this connection it is worth while to investi- 
gate the precision and the accuracy of the actual 
observations from which the conductivity is 
calculated, namely, measurement of several tem- 
peratures, of the thickness of the sample, and of 
the volume of water flowing through the calorime- 
ter. Differences of temperature, and tempera- 
ture directly, can usually be measured with a pre- 
cision of a fraction of 1% and the volume of 
water, which is commonly close to a liter and a 
half, can be determined with high precision, but 
the true thickness can be measured precisely only 
with some difficulty because of the uncertainty as 
to the exact location of the thermocouple junctions 
and even in some cases because of the finite size 
of the junction itself. For example, with a stand- 
ard-size brick, thickness 2'/; inches, an error of 
0.025 inch in the distance between the junctions 
of thermocouples placed on top and on bottom 
corresponds to 1%, and the junction of the 
thermocouple is frequently thicker than that. 
With a split the error is of course much greater, 
which makes it clear that insofar as precision is 
concerned the measurement of thickness is the 
limiting factor and alone may easily introduce a 
variation of several per cent. Hence, a lack of 
reproducibility of +5% is easily understandable. 

These relations do not, however, hold when the 
absolute accuracy is considered. The accuracy 
of measurement of the volume of water is prac- 
tically as great as the precision, but the ac- 
curacy of the measurement of temperature dif- 
ference is, under certain conditions, not high, es- 
pecially in the case of surface temperatures, and 
the error contributed by this factor is almost cer- 


The results 


tain to be several per cent and can easily be much 
larger. The measurement of thickness is further 
complicated by the fact that very few brick have 
plane-parallel sides so that the uncertainty of 
taking an average thickness must be added to the 
effect of low precision, with the result that an ap- 
preciable error is often introduced in this measure- 
ment. 

Finally, there remain to be considered the as- 
sumptions involved in this method, the most im- 
portant of which is that the flow of heat at equ.- 
librium is strictly linear. This postulate is prob- 
ably valid only under very special conditions, for 
it is well known that linear flow through a brick 
2'/, inches thick to a calorimeter 3 inches by 5 
inches placed under it can be maintained only with 
difficulty. In most cases where high accuracy is 
not essential the convenience of standard-size 
samples justifies their use even though a slight 
error may be introduced. In order to obtain 
quantitative data on the magnitude of the error 
from this source, measurements were made on a 
brick of standard thickness (2'/, inches) and on a 
split (1'/, inch) made from the same mix and given 
the same firing treatment. It is clear from the 
results (Fig. 6) that there are slight differences, 
the split having a higher temperature coefficient 
than the thicker brick. The differences are, 
however, not more than about 5% of the absolute 
value in the temperature range studied which, as 
already pointed out, is about the limit of repro- 
ducibility and indicates that the standard size 
brick can be used in an apparatus of this type 
without introducing any serious error. It is 
possible, however, that the difference between 
the data in Fig. 3 for full-sized brick and those of 
Fig. 4 for splits may be due in part to the differ- 
ence in thickness. 

Another inherent assumption is that the contact 
resistance between the sample and the calorimeter 
is the same for all brick. This is certainly not 
strictly valid, and it is believed that the major 
cause of nonreproducibility in our apparatus is 
the variability in this resistance. The fact that 
the results are reproducible within +5% would 
indicate, however, that the contact resistance can 
not vary by more than this amount. 

While it is easy to list these sources of error, it 
is by no means easy to evaluate them, and in view 
of the fact that if the flow of heat is not linear the 
measurements are influenced by the gradient 
through the sample and the thickness, an estimate 
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of the absolute overall accuracy is practically im- 
possible except in a few cases. 

Some idea of the reliability of the measurements 
made with this apparatus can, however, be ob- 
_ tained by comparing them with the results of some 
of the investigators in the codperative test. 
This has been done in Fig. 7, from which it is evi- 
dent that there is satisfactory agreement between 
our values and those of Wilkes and of Finck, 
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Fic. 7.—Comparison of the curves of Fig. 3 with those 
of other investigators on equivalent brick. 


while those of Heilman and Bradley fall con- 
siderably lower.* Since, as will be shown in the 
next paragraph, the samples tested appear to be 
uniform, we believe that the major cause of these 
differences lies in the methods themselves. 
The agreement between Wilkes’ data and our own 
is particularly significant since both were ob- 
tained with the same type of apparatus, indicat- 
ing that this method can be made to give con- 
cordant and consistent results, whatever may be 
the final decision as to their accuracy. 


* We are indebted to J. L. Finck and R. H. Heilman for 
supplying their data in advance of publication. For the 
former paper see Jour. Amer. Ceram. "ee. 18 [1], 6 (1935); 

by pA H. Heilman and R. S. Bradley appears in 
issue, p. 


the paper 
this issue 


The fact that the conductivity 
of the silica brick supplied 
directly by Birch falls within 

the spread of those supplied by Wilkes supports 
the belief that the silica brick examined in the 
codperative test were satisfactorily uniform. 
This conclusion, taken together with the agree- 
ment between our results and those of Wilkes 
indicates, as already shown, that the chief source 
of the discrepancies in the several curves reported 
in the Symposium lies in the methods themselves. 
We should like to point out in this connection 
that the rather remarkable agreement on the con- 
ductivity of the silica splits (Fig. 4) suggests 


_ that there is really very little difference between 


the common brands of silica now on the market. 
The agreement of curves 2, 3, 4, and 3A for fire clay 
in Fig. 5 indicates that these brick were also rea- 
sonably uniform. The position of curve 1 seems 
to be farther away from the others than the experi- 
mental error would allow, however, and it is be- 
lieved that there may have been an actual dif- 
ference between this brick and the others, possibly 
a different porosity or a slightly different firing 
temperature. There is a slight difference in the 
values for the standard-size silica brick shown 
in Figs. 3 and 6, but it is of the order of magnitude 
of the variations in Fig. 3 and is not more than one 
would expect for brick from different batches. 


Suinmary 


(1) An apparatus of the Wilkes type for 
measuring the thermal conductivity of refractories 
is described. 

(2) Duplicate determinations on the same 
brick indicate that the reproducibility of a 
measurement of thermal conductivity with this 
apparatus is +5%. 

(3) An investigation of two sets of silica brick, 
such as were used in the codperative tests reported 
to the American Ceramic Society at the 1934 
Meeting, supports the view that the samples 
tested were satisfactorily uniform and that the 
differences between the measurements made in the 
several laboratories are due chiefly to the use of 
different methods. 
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THE SYSTEM Na.O-B.0,, I 


Preparation of Crystaliine B,O, and Some of Its Physical Properties* 
By Sanprorp S. Co_st anp W. Tay.ort 


ABSTRACT 


A method of forming crystalline B,O, by vacuum dehydration of H,;BO, is described. The 
resulting product is crystalline and has a refractive index of 1.458, specific gravity of 1.805, and melting 
point of 294°C. Devitrification of the anhydrous B,O, glass at 280°C has also been accomplished, 


and a refractive index of 1.458 has been obtained. The X-ray pattern has been made. 


The structure 


is cubic, ag = 10.03 A, 16 molecules B,O, per unit cell. 


I. Introduction 


The crystallization of anhydrous boric oxide 
is of particular theoretical interest because of the 
fact that it is regarded as one of the most typical of 
the glass-forming oxides. According to Zacharia- 
sen' the small boron cation in the center of a 
triangle of oxygen ions forms a structure which 
readily polymerizes to build up an irregular net- 
work. Larger cations which form a polyhedron 
of 6 or 8 oxygen ions about them can not be ar- 
ranged irregularly in 3-dimensional space and 
readily crystallize. The very high viscosity of 
boric-oxide glass at low temperatures has hitherto 
defeated all attempts at devitrification, but the 
accompanying data show that this may be accom- 
plished if the proper temperature is maintained. 

Due to the wide use of boric oxide in enamels 
and glasses a knowledge of the melting point and 
physical properties of crystalline B,O; will be of 
value. 


II. Method of Preparation and Testing 


The boric acid was heated in a closed tube at- 
tached to a Cenco Hyvac pump which was capable 
of attaining 0.01 millimeter pressure. The evacu- 
ated tube was heated in an oil bath until the mate- 
tial was water-free (i.e, samples showed no 
ignition loss when held at 1000°C for 30 minutes). 
The temperature required to accomplish this was 
200°C. 

The sample was then examined in powdered 


* The papers in this series (Parts I-IV) contain a digest 
of portions of a thesis submitted by Sandford S. Cole as 
partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, The Pennsylvania State College. 
Parts III and IV will be published in the March issue of 
this Journal. 
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( 1W. H. Zachariasen, Jour. Amer. Chem. Soc., 54, 3841 
1932). 


form by the X-ray diffraction method. The 
pattern so obtained gave three or four sharp lines 
in addition to a diffuse band which characterizes 
the glassy phase. It showed that crystalline 
material was present. In order to facilitate 
crystal growth, a sample of the same material 
was sintered at 225°C for 400 hours. The X-ray 
pattern then showed about a dozen sharp lines 
and was free of the diffuse “‘glass’’ band. This 
material was considered suitable for measurement 
of melting point and other physical constants. 
It was found that after dehydration the sample 
could be sintered also at 240, 260, 270, 280, and 
290°C in 20 or 30 hours. 

The melting point was determined by two 
methods. The first consisted of placing a few 
tiny crystals in a capillary tube which was at- 
tached to the bulb of a calibrated mercury ther- 
mometer. The whole was suspended in a test 
tube which was then placed in an Erlenmeyer 
flask. The latter was partly asbestos wrapped 
so as to avoid rapid temperature changes. The 
temperature was slowly raised, and a record was 
made at the first visual signs of consolidation of 
the crystals. Six such measurements on different 
samples gave 292, 295, 293, 294, and 295°C. The 
second method used a differential thermocouple 
with one junction in the B,O; and the other in a 
neutral body, corundum powder. The data of 
millivolts difference versus temperature was 
plotted and showed an excellent break at 294° 
*=1°C. Repetitions of this experiment led to 
292, 294, 293, 293, 295, 295, and 294°C. The 
mean value for the melting point is taken to be 
294 1°C. 

The melting point being thus determined as 
294°C, and softening point of the glass according 
to Seddon and Turner* as 276°C, the requirements 
for devitrification of the anhydrous B,O; were 


2 BE. Seddon and W. E. S. Turner, Jour. Soc. Glass Tech., 
17, 324-47 (1933). 
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simply to heat boric acid to 1400°C and then to 
hold the product at some intermediate temperature 
such as 280°C. That successful results were ob- 
tained is shown by the index of refraction and 
X-ray data. 

The specific gravity was obtained by means of a 
pycnometer bottle, using tetralin for the fluid. 
The index of refraction was determined by com- 
parison with immersion oils of known index. 


TaBLe I 
Results Obtained 


Material dehydrated in vacuum at 200°C 


Melting point 294°C = 1° 
Specific gravity 1.805 

Index of refraction 1.458 
Crystal habit Isometric 
Devitrified glass 600 hours at 280°C 
Index of refraction 1.458 
Devitrified glass 20 hours at 290°C 
Index of refraction 1.458 


TABLE II 
X-Ray Drrrraction Data on B,O; 


Vacuum dehydrated B,O;; heated 400 hr. at 225°C 
B,O; on Cu wire Cu K rad. 25 KV, 10 ma., 5 hours 


Sin? 


Estimated Calculated Corrected 
intensity  2L (mm.) Cu lines lines 20 + 
2 13.8 13.8 13.72 0.0143 3 8 0.00476 
3 15.5 15.5 15.31 0.0172 3 0.00574 
1 25.0 25.0 24.85 0.0464 10 8 0.00464 
2 27.0 26.7 26.54 0.0527 iS) 0.00585 
3 28.4 28.1 27.93 0.0582 10 0.00582 
1 31.3 31.0 30.81 0.0706 12 0.00586 

2 39.4 39.1 
1 40.6 40.3 40.05 0.1173 20 0.00586 
10 43.8 43.6 
1 46.0 45.4 
8 51.0 50.8 
1/, 53.7 53.4 53.07 0.1996 34 0.00587 
1/3 58.6 58.3 57.94 0.2346 40 0.00586 
1/; 62.8 62.5 62.1 Q.2665 46 0.00580 
1 66.4 66.1 
8 74.9 74.6 
2 79.9 79.6 
1/3 84.2 83.9 83.38 0.4424 75 0.00589 
90.4 90.5 
5 95.8 95.8 


Weighted average of all values above 0.00580 is 0.00588. 
1.539? 


4 X 0.00588 
@ = 10.035A 


The specific gravity can then be calculated 
from the relation 


23 
Specific gravity ae x 6.06 x 10 


Where » = number of molecules per unit cell 
@ = length of unit cell 
MW = molecular weight 
6.06 X 10% = Avogadro’s number. 
Assuming i6 molecules per uuit cell 


; 16 X 69.6 
Specific gravity = (10.03 


= 1.818 


The value 1.818, or 10.035 A for the edge of the 
unit cell is in fair agreement with the directly 
measured specific gravity, 1.805. 

Using the value of 10.027 A for the crystals ob- 
tained by devitrifying the glass, the specific 

16 X 69.6 


ity = = 1.818. 
(6.06 X 10°) (10.03 X 10-*)? 


III. Discussion 

The usual process of heating H;BO; to drive 
off the water leaves an extremely viscous liquid 
which does not crystallize. It was believed that 
if the temperature were kept low during the 
vacuum dehydration, the resulting material 
would be essentially crystalline, pseudomorphous 
after the original boric acid. Once the melting 
point was known it was an easy matter to select a 
temperature intermediate between it and the 
softening point of the glass, as the best tem- 
perature at which to accomplish devitrification. 

The crystals of B,O; produced from vacuum 
dehydration of H;BO; were pseudomorphs after 
the acid crystals. The particle size was con- 
sequently extremely small and of skeletal struc- 
ture. The appearance of the large pieces was 
opaque white. 


> 
} 
H 
= 
= = 
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TaBLe III 
X-Ray Dirrraction Data on B,O; 
Devitrified B,O; glass; 600 hours at 280°C 
B,O; on Cu wire Cu K rad. 25 KV, 10 ma., 6 hours 


Corrected 
intensity 2L (mm.) Cu lines BrOs lines 
5 13.6 13.6 
5 15.1 15.1 
1 23.9 23.9 
*/s 25.4 25.4 
10 26.8 26.7 
10 28.6 28.5 
1 31.2 31.0 
34.0 33.6 
36.8 36.4 

2 39.5 39.1 
2 40.9 40.5 
42.9 42.5 
8 44.0 43.6 
1 45.7 45.4 
49.8 49.6 
8 51.0 8 

55.5 55.3 
58.5 58.3 
61.7 61.6 
1 66.7 66.1 
8 74.7 74.6 
2 80.0 79.6 
82.9 82.6 
84.2 84.0 
90.5 90.5 


Sin’ 
13.52 0.0138 38 0.00461 
15.01 0.0170 3 0.00568 
23.76 0.0424 98 0.00471 
25.25 0.0477 10 0.00474 
26.54 0.0527 9 0.00585 
28.25 0.0595 10 0.00595 
30.81 0.0706 12 0.00586 
33.40 14 0.00590 
36.18 0.0964 20 8 0.00482 
40.25 0.1189 20 0.00592 
42.22 0.1297 22 0.00590 
49.29 0.1739 30 0.00590 
54.96 0.2129 36 0.00592 
57.94 0.2346 40 0.00586 
61.23 0.2594 44 0.00589 
82.10 0.4313 73 0.00592 
83.88 0.4466 75 0.00595 


Weighted average of all values above 0.00580 is 0.00589. 


1.539? 


4 X 0.00589 
a@ = 10.027A 


Even after heating for several hours at 250°C 
these crystals could not be resolved into a definite 
habit. It did, however, improve the product for 
determination of index of refraction, and the 
X-ray diffraction patterns were sharp lines. 
The product obtained after heating the devitrified 
glass at 280°C did not show a distinct crystal 
form, but it failed to break with conchoidal frac- 
ture as did the glass. The fracture was angular 
and the crystals clear and colorless. Since 
B,O; is isometric it was not possible to note any 
evidence of a matrix if one still existed after the 
long heating period. 

The only check as to the sample being water- 
free was to heat at 1000°C after the long treat- 
ment at 280°C. No ignition loss was obtained 
and higher heat treatment would have caused 
volatilization losses of B,O;. The vacuum de- 
hydrated samples should have been entirely free 
of any water since the dehydrations were carried 
out under highly reduced pressure at 200 to 
225°C. 

The boric oxide from vacuum dehydration 
showed a consolidated condition above 294°C. 
The opacity was lost at 300°C, and the sample 


became translucent. No flowing was observed 
until about 320°C was reached with a rapid 
heating rate, and this was not marked. 

Crystalline B,O, is like H,O in that the liquid 
expands on freezing. For the glass, dos«c = 
1.844; for the crystals, desee = 1.805. Both 
water and B,O; liquids form a polymerized net- 
work containing many molecules. 

The high degree of polymerization of B,O, is 
shown by its very long liquid range, 294 to 1860°C, 
and its high entropy of vaporization, 32.2 (32.0 for 
water and 27 for normal liquids). The linkage of 
simple molecules into polymers leads to high 
viscosity and permits the supercooling which 
characterizes a glass. Most crystalline sub- 
stances like the paraffins or the close-packed 
metals expand on melting, undergoing a simple 
change from a regular to an irregular ordering of 
atoms or molecules. The melting phenomena of 
ice and of boric oxide are more complex. In the 
case of ice it has been shown that the latent heat 
of fusion is unusually large. Calculations based 
on the X-ray diffraction of ice and water show that 
ice has essentially the structure of tridymite while 
water, at least above 4°C, is like quartz in its 
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atomic arrangement.’ This leads to a large 
shrinkage on melting. It is highly probable that 
boric oxide will be shown to undergo some 
similar rearrangement as it melts, and further that 
crystalline B,O; itself may exist in several poly- 
morphous forms, each stable in a restricted range 
of temperature and pressure. Data on the 
specific heat, heat of fusion, dielectric constant, 
and Raman effect of crystalline and glassy B,O; 
will throw considerable light on the molecular 
nature of the various phases and will give a 
better insight into the nature of the glassy state, 
since B,O; is one of the simplest chemically as 
well as one of the most typical glasses. 

It is of interest that the melting point of B,O; 
has been reported to be about 1300°C,‘ while 
the true value is very close to 294°C. The pre- 
viously reported high temperatures give some 
idea of the high viscosities of the BO; glass. The 
low melting point separates it distinctly from 


+ J. D. Bernal and R. H. Fowler, Jour. Chem. Phys., 1, 
515-48 (1933). 
‘F. Ephraim, Inorganic Chemistry, Dresden, 1923. 


Al,O; (melting point 2050°C). In fact the 
difference in melting points between B,O; and 
AlO; (1756°C) is almost the same as that be- 
tween CO, (—57°C) and SiO, (1710°C), namely, 
1767°. Boric oxide is to be regarded as distinctly 
an acid oxide, never showing basic properties in 
any ordinary glass, enamel, or glaze. 


IV. Summary 


The above data have established that (1) 
crystalline B,O; can be formed by vacuum de- 
hydration of H;BO; at 200°C, and also by de- 
vitrification of the anhydrous glass at 280 to 
290°C; (2) BO; is isometric; (3) the index of 
refraction is 1.458; (4) the specific gravity is 
1.805; (5) the melting point is 294°C = 1°C; and 
(6) the length of the side is 10.03 A, of a cubic unit 
cell containing 16 molecules B2Os. 


Acknowledgment is gratefully made of 
Acknowledgment the interest and valuable suggestions 
of Francis J. Williams of this laboratory in getting the 
X-ray data, and of Bernard Jacobs for checking meltirg 
points and specific gravity data. 
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THE SYSTEM R,.O-B.0O,, II 
Properties of Anhydrous and Hydrated Metaborates of Sodium and Potassium 


By S. S. Core, S. R. Scnoiest anp C. R. Amperct 


ABSTRACT 

The melting points and the optical and mineralogical properties of potassium metaborate, sodium 
metaborate, and hydrated sodium metaborate are reported. The hydrated sodium metaborate was 
produced by a wet method from sodium hydroxide and boric acid as well as by hydration of the fusion 
product. The sodium and potassium metaborates were formed by dry fusion of Na;CO; or K,CO; and 
H;BO, and by dehydration of the hydrated form. The anhydrous metaborates formed hexagonal 
crystals and the hydrated salt is monoclinic. X-ray diffraction data for Na,O-B,O; are reported and 
the unit cell is calculated as ag = 6.85 A, co = 10.95 A, c/a = 1.60. 


I. Introduction 

An investigation into the physical and optical 
properties of soda-borosilicate glasses disclosed 
that the published data on sodium and potas- 
sium metaborates were incomplete or at least 
not in agreement. The initial effort of the in- 
vestigation was to establish certain physical 
constants for the alkali metaborates 


II_ Historical 


Guertler' reported 820°C for the melting point 


t Professor of Glass Technology, N. Y. State College of 
Ceramics. 
t Professor of Ceramic Engineering, N. Y. State College 
ics, Alfred, N. Y. 


Ceramics, 
1W. Guertler, “Anhydrous Borates,” Sprechsaal, 45, 
612-16 (1907); Chem. Abs., 2, 309 (1908). 


of NaBO, and 890°C for KBO,. Van Klooster? 
reported 966°C for the melting point of NaBO. 
Of the hydrated metaborates Dukelsky* formed 
from boric acid and sodium hydroxide Na,O-- 
B,O;-4H,0, . NazO-B,O3;-8H,O, while Sborzi and 
Mecacci‘ stated that only 1:1:1 and 1:1:4 were 
found, although 1:1:4.5, 1:1:5.5, 1:1:6, and 1:1:8 


2H. S. Van Klooster, “Binary Systems, Li,;O—SiO,, 
ZnO-Si0,-CdO-SiO,, LigO-SiO,-Li,O-- 
B:O;, NazO-SiO;-Na,O-B,0;, and Na,0-SiO; Na,O-- 
WOs,” Z. anorg. Chem., 69, 135-57 (1910); Chem. Abs., 
5, 1031 (1911). 

P. Dukelsky, “Equilibrium in Hydrated Borates,”’ 
Jour. Russ. Phys. Chem. Soc., 39, 975-88 (1907); Chem. 
Abs., 2, 1089 (1908). 

*W. Sborzi and F. Mecacci, “Borates: the System 
Na,O-B,0;-H;0 at 60°C, II and III,” Aiti accad. Lincei, 
25, 327-32, 455-58 (1916); Chem. Abs., 9, 2845 (1916); 
10, 1607 (1917). 


were claimed to exist. Menzel® reported that 
K,0-B,0;°2.5 or 3 H:O was very hygroscopic. 


III. Methods of Formation of Metaborates 


The literature*® disclosed that the hydrated 
metaborates had been made from the alkali 
hydroxides and boric acid. This scheme was 
tried and successful results were obtained. The 
use of NazCO; for the source of alkali by the wet 
method was not successful. 

The product of reaction between Na,;CO,; and 
boric acid in water solution is borax. This ac- 
cords with the view of Thomsen’ that boric acid is 
dibasic. 

The formula of boric acid should, in all proba- 
bility, be written H,B,O,2H,0; of the meta- 
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Hydrated crystals were readily formed from 
solutions of the anhydrous metaborates at 20°C. 
The latter method of formation is preferred since 
there is no danger of occluded hydroxide being 
incorporated in the crystals. 

The hydrated sodium metaborate was re- 
crystallized six times at 20 to 25°C in order to 
secure a pure product. Crystals of the hydrated 
potassium metaborate suitable for examination 
could not be formed, since they dissolved at room 
temperature in their water of crystallization. 

Hydrated sodium metaborate is soluble in its 
own weight of water at 25°C. The sodium and 
potassium metaborates hydrate so rapidly in 
air that samples must be kept in desiccators and 
crushed under oil. 


TABLE I 
PuysicaL DaTA ON ALKALI METABORATES 


(anhydrous) 
Molecular ratio Na;,OB;0; 
Melting point 965°C = 2° 
True specific gravity 2.343 
Solubility S. H,0O, ins. ale. and ether; 


reacts with vegetable oils 
Dehydration temperatures 


Hardness (Moh’s scale) 4-5 (approx.) 

Crystal system Hexa 

Cleavage Basal and prismatic; some 
rhombohedral 

Optic sign Negative 


N. = 1.570+0.003 
N, = 1.461 +0.003 


Index of refraction by im- 
mersion oilst 


ispersion 
Optic angle 


Sodium metaborate Potassium metaborate 


(hydrated) (anhydrous) 
Na,OB,0,8H;O K,OB,0, 
53.5°C 968°C = 2° 
2.09 


S. H,O, ins. ether and alc.; 


alc. removing H,;O reacts with vegetable oils 


140°C* 
3 4-5 (approx.) 
Monoclinict Hexagonal 
Basal, prismatic, and rhom- 
bohedral 
Negative Negative 
N, = 1.481 N. = 1.526+0.003 
Nw = 1.467 N, = 1.450+0.003 
N, = 1.443 
V>R 


Small to moderate 


* Dehydration starts at 100°C and is completed at 140°C. P 
+ Anhydrous salts react with essential oils and index of refraction must be obtained on mineral oils. 
t Determined by etch figures showing one plane of symmetry. 


borates, R:B,O,; of borax NaHB,O,4'/:H,0. 
Further work on the reactions of boric acid is in 
progress to test this view of its dibasic character. 

Dry formation of the metaborates by fusion of 
boric acid and the alkali carbonates in platinum 
gives the same crystals as the dehydration proc- 
ess. 

The anhydrous metaborates were obtained in 
the same crystalline form, whether produced by 
fusion of boric acid and alkali carbonates in plati- 
num or by dehydration of the hydrated salts. 


5 H. Menzel, “Boric Acid and Alkali Borates,”” Z. anorg. 
aligem. Chem., 164, 1-21, 22-62 (1925); 166, 63-08 
(1927); 167, 193-229 (1928); Chem. Abs., 21, 3325 
(1927); 22, 1291 (1928) 


° J. W. Mellor, Inorganic and Theoretical Chemistry, V. 
pp. 65-81, Longmans, Green & Co. 

? Thomsen, Thermochemistry, p. 105 et seg., Longmans, 
Green & Co. 


IV. Tests Performed 

The anhydrous sodium and potassium meta- 
borates and the hydrated sodium borate were 
subjected to the following tests: (a) melting point 
by cooling curve, (5) solubility, (c) specific gravity, 
(d) dehydration temperature, (e) water of crys- 
tallization, (f) hardness, (g) optical and minera- 
logical characteristics, and (hk) X-ray diffraction 
data. 

No data were obtained upon the molecular 
weight of the alkali metaborates so that the mo- 
lecular formula might be RBO, instead of R,O-- 
B,O;. The high solubility and polarity of the 
metaborates would indicate that they were 
highly ionized. 

The crystallization of the anhydrous meta- 
borates was accompanied by recalescence, in- 


= 
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dicating that the heat of crystallization would 
undoubtedly be high. The rapid chilling of the 
melts did not produce a glass in any case, but the 
crystallization was spontaneous. Well-formed 
prisms occurred with a slightly retarded cooling 


c/a = 1.60. This value gave a calculated sin’ @ 
deviation of less than + 1% and a mean deviation 
of 0.09% from the observed values of sin? 6. 

The specific gravity was found by calculation 
from the lattice constant to be 2.343, assuming 16 


II 
X-Ray DirrractTion Data on Na,O B,O; 
Na,O-B,0,; on Cu wire Cu K rad. 25 KV, 10 ma., 6 hr. (camera radius 57.65 mm.) 


Estimated Calculated Corrected 
intensity 2L (0.1 mm.) Cu lines NazO B:O;s 
2 156 151 
2 179 174 
i 228 223 
1 248 243 
2 280 275 
5 298 293 
5 304 299 
5 319 314 
8 336 331 
5 352 347 
2 374 369 
1 395 391 
6 415 411 
2 439 436 
8 461 454 458 
482 479 
497 494 
1 511 508 
1 523 520 
1 
i 595 592 
615 612 
637 
675 672 
VA 712 710 
736 735 
747 746 
756 755 
775 771 
786 782 
830 
1 853 850 
873 870 
886 884 
3 907 905 
1 931 929 
958 
986 984 
1020 1018 
1 1071 1068 
1 1107 1108 
l 1146 1146 
i 1179 1177 
1189 1189 
1200 1200 


at the melting points. It was possible to form 
the sodium metaborate crystals 1 by 5 milli- 
meters. 

The difficulty in obtaining specific gravity of 
the highly desiccant potassium metaborate pre- 
vented reporting this information. 

The size of the unit cell of NagO-B,O; was found 
by calculation to be a = 6.85 A, c = 10.95 A, 


Calculated Index 
Sin? @ Aki 


26 Sin? 
15.01 0.0170 0.0168 100 
17.30 0.0226 0.0218 101 
22.16 0.0369 0.0366 102 
24.15 0.0438 0.0445 003 
27.33 0.0558 0.0554 111 
29.12 0.0632 0.0613 103 
29.82 0.0662 0.0673 200 
31.21 0.0724 0.0722 201 
32.90 0.0802 0.0791 004 
34.40 0.0879 0.0871 202 
36.68 0.0990 Beta 121 
40.83 0.1217 0.1227 121 
45.50 0.1495 0.1543 222 
47.59 0.1628 0.1622 123 
49.09 0.1726 0.1740 115 
51.68 0.1900 0.1858 303 
63 .67 0.2038 
57.84 0.2339 0.2384 132 
58.84 0.2413 0.2422 006 
60.83 0.2563 0.2581 225 
63.01 0.2731 0.2691 400 
66.79 0.3110 0.3136 403 
70.56 0.3336 0.3341 108 
73.05 0.3542 0.3532 140 
75.04 0.3708 0.3730 142 
76.63 0.3844 0.3835 307 
77.72 0.3936 0.3927 405 
82.49 0.4346 0.4350 128 
84.48 0.4519 0.4518 228 
86.47 0.4692 0.4710 240 
87.46 0.4778 0.4768 145 
92.33 0.5203 0.5214 150 
93.82 0.5333 0.5332 334 
97.80 0.5679 0.5691 601 
101.18 0.5969 0.5954 147 
100.15 0.6389 0.6420 342 
109.62 0.6679 0.6682 343 
119.96 0.7497 0.7459 345 


molecules to the unit cell. This checks the 
observed specific gravity of 2.343. 


Values of sin? @ calculated for the Cu K, lines 
are obtained from the quadratic equation for a 
hexagonal lattice as follows: 


? 
Sint @ = +hk+h) 


using A = 1.539 A, a = 6.85 A, c = 10.95 A, c/a = 
1.60. 


V. Summary 


The melting point, optical data, and crystal 
habit of the sodium and potassium metaborates 
have been reported. The X-ray data on Na,O-- 
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B,O; have been calculated to a hexagonal unit 
cell of a = 6.85 A, c = 10.95 A, c/a = 1.60, 16 
molecules B,O; per unit cell. 


The senior author wishes to express his 
a jation for the assistance at the 
ollege of N. W. Taylor in the X-ray 
data calculations and of J. R. Jones in ascertaining the 
crystal habit of Na,O-B,O;-8H,O by etch-figure methods. 
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A STUDY OF THE WORKING PROPERTIES OF SILICA MORTARS* 
By Sanprorp S. CoL_e 


ABSTRACT 
A method of testing the consistency of silica mortars is described which is a modification of the 
flow test for concrete and building mortars. The effect of added colloids and px on the working 
properties is described. The use of colloids will produce marked improvements in mortars and 


will prevent settling out of the aggregate. 


I. Introduction 


The jointing material for refractories has been 
shown by various investigators to be the cause of 
failures rather than the brick used in the furnace 
construction. The lack of bond, poor refrac- 
toriness, and high shrinkage have been attributed 
as agents bringing about this failure. The in- 
corporation of flux agents to produce a firm bond 
between the brick and mortar has frequently 
caused other types of failure. By properly com- 
pounding the quartzite, silica bats, and clay, 
silica fireclay mortars may be produced having 
adequate refractoriness and no volume change. 
The nature of the bond and the cause for poor 
adherence have been studied in order to improve 
the bonding properties. 

In ascertaining the conditions which would 
promote better bonding properties, a definite 
relationship was found to exist between the rate 
of water removal by the brick from the mortar, 
the working consistency, the settling rate, and the 
adherence of the mortar to the brick. The 
adherence of mortar to the brick involves the 
mechanics of permitting the clay and fine aggre- 
gate to penetrate into the irregular pits in the 
surface of the brick. These serve as anchors for 
the mortar, thereby preventing the dried cake 
from readily peeling off. When the rate of ab- 
sorption of water by the brick is high the mortar 
forms a cake which is not bonded to the brick. 


* Presented at the Annual Meeting, AMERICAN CERAMIC 
Socrety, Cincinnati, Ohio, February, 1934 (Refractories 
Division). Received February 15, 1934. 


Close adherence also assists the reaction in the 
solid state of the alumina in the mortar and 
silica in the brick to produce the fired bond. 

The mechanical adherence of the mortar is 
improved by saturating the brick with water 
before applying the mortar. When water ab- 
sorption is extremely rapid, the mortar becomes 
“dry” before another brick can be laid onto the 
mortar. 

Increasing the water content of the mortar 
might increase the time required to produce a 
“dry” surface. However, this increase in water 
will cause the mortar to settle rapidly and make it 
nontrowelable. 

It was highly desirable to devise a test which 
would give a numerical value for consistency, or 
workability with a trowel. 


II. Tests Devised' 


This test was developed to accen- 
tuate slightly the settling found in 
practice and to intensify differ- 
ences in mortars.?. A ratio of two parts of mor- 
tar to one part of water by weight gave satis- 
factory results. 

The mortar and water were thoroughly mixed 


(1) Settling 
Test 


1 The tests described were developed by the author while 
an Industrial Fellow, Mellon Institute, for the Koppers 
Research Corporation, Pittsburgh, Pa. The release of 
this information was made possible through the courtesy 
extended by this company. The writer wishes to extend 
full acknowledgment as to the source of these methods and 
his appreciation for permission to describe them. 

2S. S. Cole, “Effect of Size of Grain upon Properties of 
fear) Cement,”” Jour. Amer. Ceram. Soc., 10 [8], 644 
(1927). 
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together and poured into a 100-milliliter glass- 
stoppered graduated cylinder. The amount of 
supernatant liquid above the mortar was noted 
after 4, 8, and 24 hours. This volume is denoted 
as “‘the per cent of settle’ in this paper. 

Mortars having over 12% settle proved to be 
troublesome in the field. 

Since the problem was analo- 
ee gous to the plasticity of lime 

and Portland cement mortars 
for building purposes, the apparatus described 
by Burmister* was modified to suit the require- 
ments, but the fundamental principle was re- 
tained. A trough was made from a half-section 
of 2-inch brass tubing, closed at one end. A gate 
was placed at a 45° angle, 3'/, inches from the 
closed end, thus forming a compartment having 
a volume of 100 milliliters. The free or open end 
was graduated in 0.1 inch from the inside edge 
of the gate. The closed end was elevated 1 inch 
by means of two legs (see Fig. 3). 

The procedure was to place the mortar in the 
trough behind the gate and to raise the open end 
one inch from the table. (The distance was regu- 
lated by a stop.) The gate was removed and the 
trough dropped. The end was again raised and 
dropped at one-second intervals for 10 seconds. 
The distance that the mortar had traveled in the 
trough was read. Check determinations showed 
an agreement within 0.1 inch. 

The amount of flow for a mortar having the 
proper consistency for troweling was found to be 
between 1.5 and 2.0 inches. The variation in 
flow for a mortar of apparent proper consistency 
may be attributed to the effect of varying par- 
ticle size, rolling behavior of the particles, and 
the condition of the colloidal matter in the 
mortar. 


(3) Rate of 
Water Absorption 


This test is quite empirical 
since it determines the 
amount of water removed 
from a mortar in a specific time against a given 
suction. A Buechner funnel, 7 centimeters in 
diameter and the bottom covered with filter 
paper, was used with 250 millimeters Hg vacuum 
for 30 seconds. The filter paper was wet before 
placing in the mortar. Fifty grams of mortar 
of known water content was placed on the 
filter. The water drawn from the mortar was 
collected in a graduated test tube placed inside 


*D. M.. Burmister, “The Concrete Flow Trough,” 
Proc. A.S.T.M., 31 [IT], 554-69 (1931). 


the filter flask. The amount of water removed 
from mortars containing the same percentage 
of water, but treated by various means, varied 
from 1.9 to 6.0 milliliters in 30 seconds. 


III. Results Obtained 


The data reported have been selected so as 
to be typical of different mortars and also to 
give the range of variation which may be en- 
countered in the study of working properties. 
The results embody the effect of different clays, 
the variation of hydrogen-ion concentration, 
and the addition of colloids. The mortars were 
compounded in the laboratory to approximately 
the same grain size. The proportion of quartz- 
ite, silica bats, and siliceous fire clay was about 
25:50:25. The fire clay was from one source 
but varied in SiO,:Al,Os. 

(1) Screen The various mortars had the fol- 


Analysis lowing screen analyses: 
A B c D 
Clay (%) 20 22.5 23 25 
Clay-type (No.) 1 2 2 3 
On 48-mesh (%) 15 16 15 15 
* 100 aKigiher 29 30 29 27 
** 200 Ne 17 17 16 19 
Through 200-mesh (%) 39 37 40 40 
pu 


(2) Settling The settling test data are given in 
Test Table I. The effect of additions of 

electrolytes and colloids shows the 
possibilities of altering the working properties of 
silica mortars. The values are an average of 
three determinations. 

These data clearly indicate that the rate of 
settle can be materially altered by the change in 
pu, but the use of a colloid in addition will pro- 
duce greater effects. The amount of settle in 
24 hours was not materially affected by the slight 
change in py but it was appreciable in 4 hours. 
Settling in the short period of time is more im- 
portant from the standpoint of working prop- 
erties, since the “shortness” of the mortar 
would be evident in less than one hour. The 
use of other electrolytes either diminished or in- 
creased settling, depending upon py and type 
of electrolyte. In this connection it should be 
borne in mind that few clay mixtures that na- 
turally contain enough lime or other soluble 
bases to give them a py of 8.1 are apt to be 
affected much by electrolytes. The amount of 
settling increased when the py exceeded 9.5, 
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particularly after 8 and 24 hours. Likewise, 
when py was less than 7.0 the settling increased. 
The addition of colloids produces a decided 
change in the settling tendencies of the mortars. 
The results on “B’’ were typical for all mortars 
tested. The use of colloid “4” caused greater 
settling than any electrolytes tested. Colloids 
“1” and “2,” when used in excess of 0.10% or 
with Na;CO;, enhanced the settling and were dis- 
carded as possible materials to use when the 
pu is altered. The mechanics of the suspending 
power of colloid “3” appeared to be in forming a 


TABLe I 
SgTTLING Test Data on Srtica Mortars 
Composition Per cent settling in 
(mix) 4 hr. 8 hr. 24 br pu* 
B No addition 5 9 1l 8.2 
B 0.05% Na,CO; 3 6 10 9.0 
B 0.10% colloid “1” 5 7 7 7.2 
B 0.10 5 7 8.0 
B 0.10 4 5 8.1 
B 0.10 e af 13 16 16 8.2 
B 0.10% colloid ‘‘2” 6 6 6 8.6 
0.05% Na:CO; 
B 0.10% colloid “3 0 0 0 8.1 
0.05% 
B 0.10% colloid ‘*4”’ 13 15 19 8.9 
0.05% Na:CO; 
A No addition 6 s 9 8.1 
A 0.05% Na:CO; 3 6 ll 8.7 
A 0.10% colloid “‘3 
0.05% Na:CO; 1 2 5 8.7 
C No addition Ss 12 14 7.9 
C 0.05% Na,CO; 5 10 14 9.9 
C 0.10% colloid “3” 0 0.5 0.5 8.7 
0.05% Na:CO; 
D No addition 6 10 ll 7.6 
D 0.05% Na,CO; 2 4 10 8.6 
D 0.10% colloid “‘3”’ 0 0 0 8.7 
0.05% Na:CO; 


* bu determined by LaMotte calorimetric procedure. 
Note: The colloids used in this series were tannic 
acid, gum arabic, gum Karaya, and galagum. 


gelatinous mass of higher viscosity and thereby 
preventing the settling of the particles. Colloid 
“4” seemed to decrease the viscosity with the 
resultant rapid rate of settling. When the py 
was decreased to 7.5 the settle increased to 19% 
in 4 hours. 

From the settling tests there appeared to be 
possibilities of adjusting the consistency to any 
desired degree. Further, a mortar which had a 
high rate of settle should require less water to 
give it troweling consistency, but it might 
also prove to have a short range of even con- 
sistency with respect to moisture content. The 


introduction of such small quantities of electro- 
lyte does not appreciably alter the refractoriness 
of the mortars. The cost of such additions would 
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be negligible, particularly in consideration of the 
improvements in the properties of the mortar. 
The actual increase in the cost of a mortar would 
be less than $0.50 per ton. 

The amount of clay substance in a siliceous 
clay of the type used would be quite low since 
the Al,O; content of the clay is usually about 
20%. The clay was also very short in working 
plasticity. No information was obtained as to 
the colloid content of the clay used in the tests 
but it probably is very low. 

The electrolytes did not materially improve 
the floating power, nor did the colloid alone, 


log Moisture (%) 


log Moisture(%) 


20 
20 30 40 SO 60 


Log Water removed (c.c.in 30sec) 


Fic. 1.—Flow and rate of water removal of various 
mortars. 


but the combined effect caused the mortar to 
remain in suspension. 

The results on various mortars 
with and without added elec- 
trolytes and colloids by the 
flow trough and suction tests 
are shown in Figs. 1 and 2. 

The mortars which have the more desirable 
properties from the standpoint of working con- 
sistency show the least increase in flow for a 
given increase in moisture. The usual mortar 
shows a flow of 0.4 to 0.6 inch for 2.5% increase 
in moisture in the critical range of 1.5 to 2.0 
inch. The use of electrolytes alters the flow 
rate of the mortars. The rate of settle and flow 
appear to bear a direct relationship. The mor- 
tars, having low rate of settle, will permit a 
wide range of moisture with slight change in flow. 
The incorporation of a colloid with high imbi- 
bition, 7.e., excessive swelling on increasing the 


(3) Consistency 
and Rate of 
Water Removal 
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Na*, will apparently have favorable effect on 
the working consistency. 

The rate of water removal depends upon the 
amount of moisture in the mortar and the condi- 
tion of the colloid. The data on moisture re- 
moval are not very conclusive and in part rather 
unexpected. This is particularly true in the case 
of colloid ‘‘4’’ with Na,CO;. The mortar lost 
water sufficiently to produce a “dry’’ cake, but 
as the moisture in the mortar increased the 
amount removed did not similarly increase. 
This was also the case in other mortars examined. 

In the work on the flow test it was noted that 
when a mortar had less than 1 inch flow in 10 
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Fic. 2.—Effect of pu and colloids on flow and rate 
of water removal. 


drops, the mass was so stiff that it did not 
“slump.” In considering the flow test as a meas- 
ure of working consistency it is well to note that 
the range of “1” to “5” represents a condition 
from a stiff mass to a ready flowing slip. 

The following general equation has been de- 
rived from the curves of flow vs. moisture con- 
tent: 

Log flow = n log H,O + constant 


Where n = slope of curve. 


The most satisfactory mortars as to slight 
changes in flow with large changes in water had 
a value of m less than 2, while the short rapid 
settling mortars had a value of over 5. Since 
a flow of less than 1 inch does not usually fall 
on the straight line and m is a function of the 
colloid, the equation can be modified to 


Cole 


Log (f — 1) = (n + k) log HO + C 
Where k may be +, depending upon the nature of the col- 
loid 


n = the slope for a specific mortar. 


n + k should be less than 2 for a mortar to have 
good troweling properties. For spraying pur- 
poses, however, a mortar having properties 
shown by the use of colloid ‘4’’ with Na,CO; 
or (NH,)2SO, would be the desirable type. It 
would be possible to produce a mortar requiring 
less than 20% H:O for proper spraying con- 
sistency. It has been found in many previous 
unreported determinations that the voids in the 
average mortar amount to about 30% including 
those of packing and the pores in the silica bats. 


IV. Conclusions 


The working properties of silica mortars may 
be altered materially by incorporation of elec- 


Fic. 3.—Flow trough for testing consistency of 
mortars. 


trolytes and colloids. The rate of settle and flow 
are related to the colloidal properties of the 
mortar. 

The test for rate of water removal does not 
appear to be entirely satisfactory. The tests 
for rate of settle and flow give duplicatable data 
and serve to evaluate mortars satisfactorily. 
The rate of settle shown by previous data should 
be less than 10% in 24 hours. The amount of 
flow for a satisfactory mortar ‘(troweling) is 
1.5 to 2.0 inches. 

The general equation of working consistency 
using this test is 

Log flow = nm log water + C 


The average mortar can not be improved in 
floating properties by the addition of an electro- 
lyte. The incorporation of an imbibitional 
colloid appears to aid the floating properties. 


Hornet, N. Y. 
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SMALL CAST THORIUM OXIDE CRUCIBLES* 


By H. K. RIcHARDSON 


ABSTRACT 


Crucibles were made from thorium oxide by casting from a slip made according to ceramic prac- 
tice. The presence of cryolite in the slip insured its successful use. These were fired to 1885°C 
in a gas furnace of special construction. The addition of zirconium oxide makes a crucible easier 
to manufacture. The finished crucibles were successfully used in vacuum-induction furnaces to 
melt pure metals to 2300°C. No contamination of the metals resulted. 

Expansion curves indicate a peculiar action of the crucibles made with zirconium oxide in the 
700 to 900° region. The mean coefficient of expansion of fused thoria is found to be 93 x 107" 


from 0 to 600°C. 


These crucibles are found to be (a) fairly resistant to chemical reagents, but not enough so 
for chemical work and (6) resistant to wetting of molten metals of high melting point. 


I. Introduction 


The work herein described was carried out 
some ten years ago. It served its purpose as a 
part of a research program and was then dis- 
continued permanently. No crucibles have 
been made for several years. The work is now 
described since many papers have been pub- 
lished on the production of thoria ware by various 
means, but none seems to have taken the simple 
expedient of following accepted ceramic methods 
for the manufacture of small crucibles. The work 
described follows the usual method of porcelain- 
ware manufacture, modified to take cognizance 
of the pecularities of thorium oxide. 

The process was developed from the necessity 
of having unattackable containers for melting 
metallic thorium, uranium, and zirconium for 
use in a vacuum-induction furnace. Thorium 
oxide was the only material that seemed to meet 
the requirements, so methods of casting it into 
crucible form were investigated. J. W. Marden,t 
pursuing this investigation, found that by com- 
bining lamp “getter’’ experience with ceramic 
practice he was able to slip-cast a satisfactory 
crucible from thorium oxide when that material 
was mixed with a small quantity of zirconium 
oxide and cryolite. 


II. Process of Manufacture 


The process as finally developed’ is as follows: 
(1) The Slip The slip was made of the following 
proportions: 


* Presented at a joint meeting of the Electrochemical 
Society and the American Ceramic Society, Asheville, 
N. C., April 26, 1934. Received April 5, 1934. 

t Research Laboratory, Westinghouse Co., 
Bloomfield, N. J. 


Permissible 
variations 
400 thorium oxide (ThO,) calcined 
200 grog (reworked material) 0-600 
50 cryolite (Na;AlF,) 20-100 
50 zirconium oxide (ZrO,) 0-100 | 
20 phosphoric anhydride (P,O;) 
300 water 300-600 


The mixture was ball-milled for 16 to 18 hours 
when it was ready for use. 

, The slip, after having the air bub- 
(2) Casting bles removed under vacuum (the 
volume of the slip is reduced by this treatment 
6 to 8%), was poured into plaster of Paris molds 
and allowed to stand a sufficient time to form the 
proper thickness of wall. The excess slip was 
then poured out. A few moments later when 
the film of thoria was slightly dry it separated 
from the mold and the shape could be taken out 
in the hand for drying. 

This method differs little from that used for 
porcelain except for the vacuum treatment which 
is necessary to reduce the drying shrinkage. 

(3) D The formed or green crucible was 
dried one day at each of the fol- 
lowing temperatures: 30°, 50°, 70°, 90°, and 
120°C. For the small sizes this was excessively 
slow drying, but for the large pieces the slower 
time gave less spoilage and cracks. 
—_ The dried ware was placed in 
io an electric muffle and brought 
to 800°C in 8 hours, held at 
this temperature over night (16 hours), and then 
brought to 1050°C in 6 hours more heating. 
This slow 30-hour schedule was necessary to 
prevent distortion. During this firing only a 
slight shrinkage of 1 to 2% took place. The 
bottom of the electric muffle was protected with 


U.S. Pat. 1,512,801, Oct. 21, 1924, H. K. Richardson 
and T. W. Switz. 
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zirkite brick as this was the only material to 
which the crucibles did not stick. The cryolite 
and phosphoric acid were expelled in this opera- 
tion, which left the crucible porous to some de- 
gree. In this condition it could be easily handled. 

The ware was removed from 
(5) Binal the electric muffle and placed 
in a gas-air fired furnace of special construction 
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Section A-A 
Fic. 1.—Hi-gas furnace. Key: A, Arcofrax brick; 
M, Munro brick; S, Sil-O-Cel brick; MgO, magnesium 
oxide; powdered MgO. 


(Fig. 1). The furnace was heated for eight 
hours, at the end of which time a No. 40 Orton 
cone (1885°C) was turned down. This tem- 
perature seems high for a gas-air furnace but 
different lots of cones gave the same result. 
In this firing a shrinkage in dimensions of 30 to 
35% (average 32.6%) took place. When the 
crucibles were taken out they rang to a sharp 
blow but soon lost this characteristic on standing. 
The furnace was carried up to temperature 


during the working day (eight hours), then the 
gas was shut off and it was allowed to stand un- 
opened all night. It was necessary to keep the 
air for combustion on for several hours to pre- 
vent the nichrome burners from melting down. 
When opened the next morning the temperature 
inside the furnace was well over 300°C. The 
ware was taken out into the air without damage. 

Since an oxidizing atmosphere was necessary 
in the furnace a slight excess of air was used in 
the burner mixture. 


Ill. Materials Used 


The materials used and their source are as fol- 
lows: 


The thorium oxide? used was 
c.P. 100% ThOs; “A” grade, 
99% ThOs, 1% (CeO: + NeOs, 
etc.); and “B” grade, 97% ThOs, 3% (CeO:- 


NeOn, etc.). 

These were all of the dense grade obtained by 
ignition at about 1700°C. 

The densities obtainable were designated as 
light, medium, and heavy, according to the tem- 
perature of calcination performed by the supplier. 

“A”’ grade was the one used for most of the 
work. “B” grade gave a stronger crucible but 
was somewhat pink-colored. 

(2) Grog This was scrap or broken material 

that had been through the final 
firing. It was milled through a 200-mesh sieve 
before using. It was used for two reasons, 
(a) economic, i.e., to salvage costly materials, 
and (5) to reduce the shrinkage in the final 
product. 

The addition of the grog gave the crucibles a 
better texture and rigidity during firing. 

The zirconium oxide* used was 
Zircon Alba No. 1, 99% 
ZrO. 

Zirconia could be dispensed 
with and @ good crucible obtained, but its use 
gave better sintered and denser final crucibles. 
It could not be used in crucibles that came in 
contact with carbon, molybdenum, or tungsten. 
The pécularities of crucibles containing this 
material will be dealt with further under ex- 
pansion (section VI (2)). 

. This was c.P. material (Na;-AlFs). 
(4) Cxyeiite from the Lamp Getter Depart- 


(3) Zirconium 
Oxide 


2 Obtained from the Welsbach Company, Gloucester, N. J. 
3 Obtained from the Foote Mineral Company. 
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ment and all passed 200-mesh. Next to the 
thoria itself it is the most fundamental material. 
The cryolite served to suspend the particles of 
refractory in the water. 
(5) Phosphoric With the water present the 
Anhydride anhydride forms phosphoric 
(P,0;) acid which precipitates the 
colloidal matter present and 
thus prevents the clogging of the pores of the 
plaster of Paris molds. 


IV. Plaster of Paris Molds 


The technique of making plaster of Paris 
molds for slip casting is well known, but a few 
special precautions were necessary to this work. 

The best material was superfine plaster of 
Paris. A mixture of 1:1 by weight plaster to 
water was cast over a brass master coated with 
castile soap. 

The molds could be used many times if kept 
at 50°C in an oven with open dishes of water. 
The master must be removed from the plaster 
during the evolution of the heat of crystalliza- 
tion or else it will be pinched in place by the 
latter contraction and the mold cracked. 


V. Furnace for Final Firing 


The first furnace used for this operation was a 
Hoskins carbon plate resistance furnace. The 
burning carbon discolored the crucibles and no 
way could be found to protect them. The side 
walls of silicon-carbide brick were also badly 
damaged in any runs over 1800°C. 

After discarding the electric furnace, a gas-air 
fired furnace’ was tried out. The original 
lining of silicon-carbide brick disintegrated and 
after three runs, metallic silicon was taken from 
the bottom wreckage of the inside. The top also 
was troublesome, so the lining of the furnace 
was revamped. 

The revamped furnace, showing 


tence the type of brick used in its con- 
of Gciitiiin struction, is shown in Fig. 1. 
The cover design is seen in 
Fig. 2. 
Throughout the construction 
a (except for the top), Sil-O-Cel 
(a) Mortar mortar was used to bind the 


brick together. The binder was 


‘ From H. B. Wiggins & Sons Co., Bloomfield, N. J. 
5 Constructed by the American Gas Furnace Company. 


Small Cast Thorium Oxide Crucibles 67 


omitted from the top course of split brick as 
these were frequently taken off. 

: The furnace proper section was 
(>) Fire Box lined with electrically fused mag- 
nesium oxide in sizes from '/, inch down. The 
bottom was first tamped into place over the 
insulating brick up to the burner opening level. 
A wooden form of the proper inside dimensions 
was set on the bottom and held in place by 
weights inside the box. 

The fused magnesium oxide mixed with 15% 
by weight of hydrochloric acid was tamped in 
between the wooden form and the insulating 
brickwork. A wooden mallet was used in the 


Fic. Carbofrax brick; 


2.—Hi-gas furnace cover: C, 
CC, Carborundum cement; S, Sil-O-Cel brick. 


lower layer but a 5-inch diameter steel bar was 
needed to finish off as the top of the box was 
reached. The moist mixture must be used within 
15 minutes or else it becomes too hard for use. 
The twp edge of the magnesium- 
oxide liner was finished off in a 
rounded hump with 100-mesh 
fused MgO mixed with water. To the slurry, 
10% HCl by weight was added and this mixture 
was used to smooth or round off the top. This 
makes a fine cover for the top of the liner. This 
hump serves as the seal when the cover is in 


place. 

(4) Cover The furnace cover was made of sili- 
con-carbide brick, to the top and 

bottom of which a '/,- to '/:-inch layer of silicon- 

carbide cement was affixed. The cement on 

the lower or inward side was fused to the brick 

by a blow-torch. On top of the brick a layer of 

Sil-O-Cel brick was placed. 

The pipe line carrying the air to the burners 
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was sometimes imbedded in the Sil-O-Cel and 
other times carried on top. This served two 
purposes: (a) it furnished some preheat to the 
burners, and (5) served to keep the top cool. 
This furnace took 500 cubic feet 
A err isti of city gas per hour. Air pres- 
sure was 4 pounds per square 
inch and gas pressure was 15 inches of water 
column. 


VI. Characteristics of Thoria Crucibles 


In the following discussion the combined 
thoria 90%, zirconia 10% crucible is referred to, 
except where otherwise stated. 

Crucibles made by the method 
outlined were heated in a 
Shock vacuum-induction furnace up 
to 2300°C (metal temperature) 
with complete success. The breakage was 


Cast Zirconium Quide 11% | “Rune 
Aeasured ot Bureau of 


Standards - April, 1924 


Temperature °C 
Fic. 3.—Expansion curves; interferometer method. 


negligible. Crucibles as heated and plunged 
into water sometimes broke. 

Crucibles heated with oxygas blow torches of 
various kinds also gave variable results, some 
breaking quickly and others standing rougher 
treatment. 

To determine the difficulty, thermal expansion 
measurements were made on the material. 

(2) Thermal The thermal expansion of the 
E hin regular thoria-zirconia crucibles 

: was determined by the Bureau 
of Standards in April, 1924 as shown in Fig. 3. 
Since this was such an erratic-looking curve and 
an interferometer had been set up in our own 
laboratory, check tests were made as shown in 
Fig. 4. In these latter measurements a com- 
parative test was made of a pure thoria crucible 
(i.e., no zirconia) and a piece of electrically fused 
thoria. 


Richardson 


Comparing the two curves for the thoria- 
zirconia crucibles it will be seen that the ex- 
pansion reaches a maximum at 775°C in both 
cases and after being carried to 930 to 940°C 
(the safe maximum for the quartz plates of the 
interferometer) they cool down at the same rate 
and start to return to the original curve. Later 
data by the Bureau of Standards* indicate that 
a fused mixture of 1 mol ZrO, and 1 mol ThO, 
does return to the original heating curve. These 
curves explained why the crucibles did not sur- 
vive heat shock very well. 

The high expansivity of the pure thoria cru- 
cibles and the fused thoria indicated that no 
better heat-shock properties could be expected 
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Fic. 4.—Expansion curves; interferometer method. 


when using these materials. Later data from the 
Bureau of Standards on the expansivities of the 
oxides in the article’ above confirmed the data 


of Fig. 4. 
These crucibles will scratch glass 

(3) Hardaces and resist considerable mechani- 
cal shock and bumping. A finished crucible can 
be dropped several feet onto the floor without 
breaking. 
(4) Resistance to The resistance to corrosive 
Corrosive Agents agents is given in Table I. 

The crucibles noted in column (1) were first 
washed in distilled water, dried 12 hours at 
110°C, and weighed. They were then boiled 
(immersed in the material:in question), removed, 
washed in water, and then boiled 1 hour in dis- 
tilled water after which they were washed, dried 
12 hours at 110°C, and reweighed. 


® Trans. Amer. Electrochem. Soc., 50, 165-75 (1926). 
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The data in column (2) were obtained with the 
same crucibles as (1), but treated an additional 
three hours and handled the same as (1). The 
crucible treated with aqua regia and KFHF, 
however, were new so the figures given are for 
the first three hours of attack. 

., A crucible thoroughly dried at 
(S) Porosity 110°C, when boiled in water and 
weighed increases in weight by 0.03%. This 
indicates a very slight porosity. Crucibles that 
have stood around weeks have worked satis- 
factorily in the induction furnace. 

The fired crucible does not gas in the induction 


TABLE I 
Per Cent Loss per Hour IMMERSION 
(1) First (2) Av. next 
Reagent hour 3 hr. 
Coned. HCl 0.40 0.04 
“ HNO; 0.48 0.53 
“ H,SoO, 0.27 0.26 
0.26 
0.02 gain 
10% HCl 0.31 0.04 
10% HNO; 0.46 0.06 
20% H,SO, 0.10 
10% NaOH 0.08 
50% NaOH 0.92* 0.04 
Fused NaOH 0.43* 
Na,CO, 0.24 
“ KOH Disintegrated* 
NaHSO, 0.77 
* KNO,; 0.02 
Aqua regia 0.05 
HF + KF 1.68 


* Only these crucibles showed signs of visible attack. 


furnace and is therefore especially suitable for 
vacuum work. 


(6) Finished Sizes 
of Crucibles Made 


A straight-sided crucible 8 
millimeters in diameter by 
15 millimeters long with an 


0.8-millimeter wall was the commonest crucible 
made as this fitted well into the coupling of the 
induction furnace. 
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Many crucibles of standard porcelain shape 
up to 75 millimeters (3 inches) high were cast 
and used for chemical tests. 

Tubes and rods were made of the material. 

In general, it is our opinion that any shape 
made by casting porcelain could be made of the 
thoria-zirconium mixture. 

(7) Resistance to When used in small crucibles 
Molten Metals in the induction furnace (a) 

pure zirconium, thorium, 
and uranium metals do not wet the crucible 
when they are molten, (5) iron-uranium eutectoids 
do not wet the crucible at the melting point, 
and (c) pure iron in vacuum does not wet the 
crucible. 


VII. Conclusion 


Mechanically strong, thin-wall crucibles can 
be cast from thoria slip containing cryolite by 
standard porcelain methods. These crucibles 
are fired in an oxidizing atmosphere at 1885°C. 

The strongest crucibles are made from a mix- 
ture of thoria and zirconia, but pure thoria 
crucibles can be made. 

The high expansivity of fused thoria and the 
erratic expansivity of the zirconia-thoria mixture 
in the 700 to 800°C region has a deleterious 
effect on the resistance to heat shock. 

These crucibles are especially suitable for high 
vacuum work in induction furnaces due to their 
freedom from gas and their lack of wetting by 
molten metals. 

Crucibles can be made by the same casting 
methods herein given from metallic powders 
such as molybdenum and tungsten. 

ENGINBERING DEPARTMENT 
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EFFECT OF MOISTURE UPON ELECTRICAL RESISTANCE OF 
EMBEDDING CEMENTS* 


By R. L. Merton, K. W. BROWNELL, AND G. J. EASTER 


ABSTRACT 


For insulating electrical resistors from the casing of household appliances, etc., ceramic 


cements when properly applied are superior to other materials. 


If not sufficiently vitrified after 


application, however, they absorb moisture, thus tending to lower their resistance sufficiently to 
permit users of the appliances to experience electrical shocks. The necessary firing temperature 
varies widely with different cements. Some are satisfactory when cured by the heat of the 


embedded resistor alone while others are not. 


The hygroscopic properties are shown to be 


markedly increased by the presence in the cement of bentonite, borax, mica dust, or glass cullet. 
The borax also reduces the ultimate resistance objectionably at higher temperatures. 


I. Introduction 


In household electrical appliances, several 
methods of insulating the heating element from 
the frame are possible, such as (1) the suspension 
of the former in air by suitable means, (2) the use 
of asbestos, sheet mica, and other substances 
possessing dielectric properties, or (3) the use of 
embedding cements composed of ceramic-bonded 
refractory granules. 

The first method is unsatisfactory because of 
mechanical instability and lack of protection of 
the heating element. Furthermore proper solid 
insulation has a higher dielectric strength, par- 
ticularly at the operating temperature of the heat- 
ing element. 

Probably the greatest objection to asbestos is 
its hygroscopic nature permitting a perceptible 
current leakage as the moisture content increases 
during periods of disuse. Asbestos is used only 
in the cheapest appliances or those in which flexi- 
bility is essential. From the standpoint of elec- 
trical resistance, true sheet mica is quite satis- 
factory, but in the proper condition for use it is 
expensive in first cost, expensive to install, and 
has relatively poor thermal conducting proper- 
ties. Caution is necessary in the use of built-up 
or synthetic sheet mica which is not so depend- 
able for high-temperature work owing to the 
binders used in its fabrication. 

Generally speaking, provided the proper elec- 
trical resistance under all conditions is secured, 
the use of embedding cements gives the most sat- 
isfactory results. They provide better protec- 
tion of the element (from oxidation by the air, 
etc.) than any other means and are relatively 


* Presented at a joint meeting of the Electrochemical 
Society and the American Ceramic Society, Asheville, 
N. C., April 26, 1934. Received May 9, 1934. 


The apparatus used for testing is described in detail. 


inexpensive. Further, the use of embedding 
cements lends itself to mass production. The 
cement is easy to apply and its application re- 
quires no particular skill. 


Il. Difficulties Due to Moisture 


Considerable work has been done upon electri- 
cal resistivity of various materials suitable for 
use in compounding embedding cements; a bib- 
liography of this work, together with other papers 
directly pertinent to the present subject, is ap- 
pended to this paper. The results indicate that 
from a purely ceramic viewpoint there is nothing 
insurmountable to be overcome in preparing em- 
bedding cements. 

Despite this fact, the Electrical Testing Labo- 
ratories of New York City, acting for the Appli- 
ance Committee of the Association of Edison 
Illuminating Companies, found in a series of ex- 
cellently conducted and interesting experiments 
that many appliances actually marketed (and 
more or less regardless of the particular type of 
insulation used) possessed, under certain circum- 
stances, the ability to give the user a very dis- 
agreeable and, at times, even a dangerous elec- 
trical shock. At other times the same appliance 
was entirely free from this objectionable character- 
istic. The E. T. L. ascertained that the difficulty 
was principally due to lowering of the re- 
sistance of the material used to insulate the re- 
sistor, as a result of absorption of moisture thereby. 
Specifications were accordingly established by 
them for a moisture test which appliances must 
pass in order to be certain that they are free from 
the possibility of electrical shock to the user. 

It was found by the E. T. L. that the smallest 
current which could be felt by the most sensitive 
person among seventy of their employees tested 
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was 0.2 milliampere, and that a current of 7 
milliamperes was sufficient to inhibit voluntary 
muscular action. These figures mean that with 
a 120-volt circuit, the corresponding resistance 
would be 600,000 and 17,000 ohms, respectively. 

The criterion was established that the resist- 
ance between the resistor and the sheath of an 
electrical appliance must be at least 600,000 ohms 
at all times. For purposes of determining the 
moisture effects it was specified that the resist- 
ance should be determined after the appliance 
had been exposed to an atmosphere with more 
than 85% relative humidity and at a tempera- 
ture of 85 + 5°F for 16 hours, the test being made 
with a 60-cycle, 120-volt current while the appli- 
ance was still under these conditions. 


Fic. 1.—Meter and switching assembly used in testing 
resistance of embedding cements. 


Investigation showed that between appliances 
insulated with the same embedding cement there 
were tremendous differences in ability to with- 
stand this test and, in order to investigate the 
reason for these differences and to outline a suit- 
able method of utilization of cements, the pres- 
ent research was undertaken. The four embed- 
ding cements which are believed to be most widely 
used in the trade were selected for the test. These 
were prepared by various manufacturers and were 
composed of a variety of ingredients and recom- 
mended for application in different ways by their 
respective producers. 


III. Method of Measurement 


It has been the experience of everyone who has 
tried to do work of this sort that the value of the 
resistance depends as much upon the method of 
measurement as upon the variables which are 
being studied. This is perhaps only natural 
wuen the number of possible variables is kept in 
mind. With any given material it is obvious 
that the following factors all play a more or less 
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conspicuous part, depending upon the method 
and conditions of measurement: humidity, tem- 
perature, polarization, voltage, frequency, con- 
tact resistance, true electrical resistance, ca- 
pacity, reactance, etc. 


Norte: In addition to these more or less well-recognized 
phenomena affecting the refractory material, the authors 
believe that there is also a considerable increase in some- 
thing resembling corona effect or perhaps thermionic con- 
duction through air at high temperatures. This is evi- 
denced by a sharp drop in the resistance of an air gap to 
direct as well as alternating current as the temperature is 
raised. This drop closely parallels the drop in resistance 
of granular refractory materials at the same temperatures 
and may partially account for the latter. Such a subject 
is, however, outside the field of the present paper. 


Various methods of measurement are available, 
each of which has characteristic advantages and 


Fic. 2.—Simulative ‘‘flat-irons’’ in position for test. 


defects. The alternating-current microammeter 
method was chosen for these tests. 

The measuring equipment is shown assembled 
in Figs. 1 and 2 and diagrammatically in Fig. 3. 
In it a high sensitivity rectifier-type microam- 
meter of the type described by B. R. Hill* was 
connected in series with the insulation of the ap- 
pliance constituting the resistance to be tested, 
and the leakage current was measured with an 
applied voltage of 440 volts at 25 cycles between 
the heating resistor and the outer sheath. In 
this way an instrument capable of measuring a 
direct current with a high degree of sensitivity 
may be used to measure minute alternating cur- 
rents with a high degree of precision and with 
relatively simple technique. 

To simulate an electrical appliance, such as a 
flat-iron, in which the assembly would be simple 
and the cost low, a number of cast-iron pieces, 
as shown in Fig. 4, were prepared from which 
small side walls extended upward on three sides. 


* See reference No. 14, p 77. 
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Flat-top plates, 4 by 5 inches, were also ma- 
chined to fit between these walls, with which they 
were electrically connected. Nichrome ribbons 
of about 35-gage metal, one inch wide, bent to a 
fiat U-shape, were used to represent the heating 
elements. These were brought out sufficiently 
far on the open side of the assembly to permit 
contact to be made with brass terminal blocks. 
The area of the ribbon is perhaps greater than 
that of the usual coiled wire heating element in 
appliances of similar size but the ease of assembly 
and the accuracy with which the cement thickness 
could be regulated are believed to have more than 
offset any disadvantage due to this factor. 

The cement to be tested was placed in the 
“iron” base by various methods used in general 
practice, such as pressing, troweling while in a 
plastic condition, or insertion as a dry powder. 


The method of insertion in the base was found to 
make no great difference in the final results so 
that no further consideration of the factor was 
needed heie. In the units which were pressed, 
a layer of moist cement adjusted to give the de- 
sired thickness was subjected to a pressure of 
approximately 2000 pounds per square inch. Af- 
ter the cement was in place, its surface was rough- 
ened to give a better contact with the layer to be 
applied later, whereupon the U-shape resistor 
was laid on it and a second layer of cement ap- 
plied on top and pressed in the same manner as 
the lower half. Similar methods of assembly 
were used with the troweled and dry cements, 
care being taken in every case to secure an ac- 
curate thickness of '/s inch of cement between 
the resistor and the casing. The specimen was 
dried at 110°C (to bring it to the “green’”’ state) 
or fired, as the case might be, and placed in a 


humidity chamber preparatory to measuring the 
electrical resistance of the insulation. 

In order to provide contact which would be at 
least as close as in ordinary service, a 15-pound 
weight was placed on the iron top piece during the 
test to insure close contact. In Fig. 2, three units 
are shown ready for test. On two of these the 
iron weight is in position, while in the center one 
it is omitted so that the arrangement may be 
more readily seen. 

The assembled test apparatus is shown in 
Fig. 3. The nichrome-ribbon heating element is 
heated by means of low-voltage current from the 
small transformer, A. The temperature reached 
by this element is indicated by means of a thermo- 
couple B, adjacent to the element but removed 
from the iron casing in order to prevent any ten- 
dency for it to short-circuit the resistance being 
measured. This couple, however, is covered by 
a layer of cement of the same thickness as that of 
the test sample. The temperature of the heating 
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element is then read on the potentiometer, C. The 
circuit for measuring electrical leakage comprises 
a source of potential entirely independent of that 
used to heat the resistor, shown here as trans- 
former, D. A voltmeter, V, is used to indicate 
the applied voltage and a very sensitive rectify- 
ing type microammeter, E, is used to indicate cur- 
rents up to 10 milliamperes. For measuring 
larger currents an alternating-current milliame- 
ter, F, is used. In practice, this meter is always 
used first to determine the magnitude of the cur- 
rent before connecting the more sensitive micro- 
ammeter in circuit. A small fuse, G, is connected 
in series so as to protect the microammeter against 
destruction resulting from accidental short cir- 
cuits. One side of the measuring circuit is con- 
nected to the heating element and the other to 
the casing of the iron. 

In conducting the test the temperature of the 
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heating element is gradually increased at a rate 
of about 10°C per minute to a temperature of 
800°C or until the cement resistance begins to 
drop rapidly by increasing the voltage applied 
to the element by means of a variable voltage 
transformer. It is thereafter slowly cooled at 
about the same rate. The leakage current from 
the heating element to the base plate and the 
temperature of the heating element are measured 
at five-minute intervals. Readings are taken 
both during the heating and cooling of the heat- 
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Fic. 5.—Cement B: effect of humidity. 


ing element, thus accounting for the distinct dif- 
ference between the two branches of the curves 
shown. 

The lower or heating branch of each curve de- 
picts the change of resistance as the moisture is 
driven out of the cement. As the moisture is 
driven off, the resistance becomes much higher, 
so that the true value for the layer of dry cement 
corresponds with the upper or cooling branch of 
the curve. 


IV. Humidity Control 


It should be understood at this point that, due 
to the ready availability in the laboratory of a 


humidity room operating at 65% humidity, these 
tests were, except where otherwise noted, carried 
out at 65% humidity rather than at over 85% as 
specified by the E. T. L. and also that, due to the 
fact that no 60-cycle current was available, all 
measurements were made at 25 cycles. Both 
these variations cause the cements to appear 
better than they would if tested under the con- 
ditions specified by E. T. L., inasmuch as the 
capacity leakage increases with frequency and 
the conduction due to presence of moisture is also 
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Fic. 6.—Cement A: effect of firing. 


somewhat greater after subjection to 85% humid 
ity than at 65%. The approximate magnitude 
of the difference is shown in Fig. 5 where corre- 
sponding curves are given for the same cement 
under the two humidity conditions. 

In the later portion of the work, humidities 
have been held at 86% + 1%, using a humidity 
cabinet in which air is circulated at a constant 
temperature over a satufated solution of KHSO,. 
The salt solution is contained in a lead pan oc- 
cupying the bottom of the cabinet and air circu- 
lation is insured by means of a small fan. The 
only precaution necessary to maintain the appara- 
tus in good working condition is to add a small 
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quantity of water occasionally and to keep a 
coating of paraffin painted around the inside of 
the upper edge of the pan to keep the salt solu- 
tion from creeping up the side of the container. 
Relative humidities over a considerable range of 
values may be readily obtained in this way by 
varying the salt, a saturated solution of which is 
used. The following table selected from a long 
list of values given in chemical handbooks indi- 
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cates the range of values which may be thus se- 
cured: 


Solid phase Humidity at 20°C (%) 


V. Results of Tests 


Let us now examine the results secured on the 
four typical cements after firing at different tem- 
peratures. These are shown in Figs. 6 to 9, inclu- 
sive. It is at once obvious that if the hygroscopic 
tendencies of the cements are to be overcome a 
thorough firing is necessary. . Only in the case of 
cement C is mere drying of the material sufficient 
to overcome the danger of shock to the user by 


absorption of moisture. This is a cement which 
is particularly recommended by its producer for 
use where the manufacturer wishes to mature it 
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Fic. 8.—Cement C: effect of firing. 


with only the heat generated by the embedded 
element. Such a method of application would 
apparently be very inadvisable with any of the 
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Fic. 9.—Cement D: effect of firing. 


other cements tested, as indicated by the lower 
end of the curve, for a “‘self-cured’’ unit using 
cement B as shown in Fig. 7. This curve was 
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secured by taking the element which had been 
used in the ‘‘green’’ test after it had been heated 
up, and rehumidifying it. Evidently the limited 
heating was insufficient to be of material assis- 
tance. 

Cements A and D, in particular, appear to re- 
quire more thorough heating before their use can 
be recommended. These two cements are prob- 
ably the two most widely used of those which are 
at present on the market. The vaiues for 700°C 
have not been secured in the latter case, but in 
view of the distinctly low initial resistance value, 
even after firing at 900°C, it is apparent that 


= 


a 


g 

= 

iy 


300 600 800 


Temperature of Element °C 
Fic. 10.—Cement B: effect of thickness. 


firing this cement at least to this temperature is 
desirable. 

It will be noted that in the tests shown no ef- 
fort was made to determine the final resistance of 
the cement when the element was in equilibrium 
at operating temperature. In view of the slow 
rate of heating here used, however, it seems prob- 
able that the value which would ultimately be 
attained is at least of the order of magnitude 
shown in the various curves. There is apparently 
no great difference between the final insulating 
value of any of the four cements tested once they 
are thoroughly dried. 
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Another question which vitally concerns the 
user of cements is the thickness of the layer 
which he must use to secure the desired insula- 
tion. One manufacturer is known to use consis- 
tently as little as '/yinch. This seems to be suc- 
cessful in their case, doubtless because, as we 
understand it, they employ an unusually high 
vitrifying temperature in maturing their units. 
In general, such slight thickness would seem to 
offer too small a margin of safety against short- 
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Fic. 11.—Green cements: effect of mica and bentonite. 
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circuiting by an irregularly spaced coil of the 
resistor. 

In order to secure some idea of the increase in 
resistance value which would be obtained by in- 
creasing the thickness of cement used, tests were 
made on cement B in its ‘‘green’’ state, using ce- 
ment layers of both '/s-inch and */,-inch thick- 
ness between the resistor and the casing of the 
iron. (The other tests were all made on '/;-inch 
thick material.) The comparative values se- 
cured for cement B are shown in Fig. 10. It 
will be noted that at temperatures above approxi- 
mately 700°C there is relatively less increase in 
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resistance as the thickness of the cement layer 
is increased. This is probably due in part, at 
least, to the fact that the outer layer of the ce- 
ment remains relatively cold throughout the test 
and makes up the major portion of the resistance 
in the circuit. As long as the outer layer re- 
mains relatively cold, thickness is not a critical 
factor in determining the overall resistance of the 
insulation. 
VI. Specific Ingredients 

Microscopic examination of the various ce- 

ments indicated that the principal difference be- 
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Fic. 12.—Cements fired at 700°C: effect of mica and 
bentonite. 


tween them was in the bonding material used. 
A study was accordingly made of the effect of 
specific ingredients which might be added to the 
bond for the purpose of imparting plasticity or 
inducing low-temperature vitrification, which 
ingredients it seemed might be fundamentally 
responsible for the hygroscopic behavior of the 
cements. In order to test this point, a special 
cement, which is designated as “‘E,’”’ was made 
by using 75% of carefully sized granular refrac- 
tory material and 25% of a carefully prepared 
clay bond. This cement was then modified by 
the addition to it of various materials in the per- 


centages which it was adjudged might be used to 
accomplish the desired objectives. These modi- 
fied cements were then tested in comparison with 
the original cement, E, under humidities of 86%. 


The results are shown in Figs. 11 to 14, inclu- 


sive. From these figures it will be apparent that 
bentonite, a small percentage of which might be 
added to increase plasticity, lowers the final re- 
sistance of the cement and greatly increases the 
difficulties due to moisture absorption. While 


the bentonite cement is improved by firing at 700° 
C, its characteristics are still apparent even after 
that treatment. Prefiring apparently does the 
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Fic. 13.—Green cements: effect of borax glass and 
glass cullet. 


cement containing mica dust very little good in 
eliminating the hygroscopic difficulties. The 
cements to which glass cullet and borax glass 
were added are positively dangerous if used in 
their unfired condition; and the borax lowers the 
ultimate resistance of the cement to an objection- 
able degree. 

The above results show the necessity for careful 
consideration of the method of maturing and the 
service conditions under which the appliances are 
to be used in order to select the embedding ce- 
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ment best adapted for the particular application 
in question. They indicate serious danger of 
electric shock to the user from devices containing 
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glass and glass cullet. 


insufficiently vitrified cement and also that such 
danger can be completely overcome with stand- 
ard grades of cement by adequate vitrification. 
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Abrasives 


Polishing aluminum. Henry R. Power. Metal Clean- 
ing & Finishing, 6 [10], 531-32 (1934).—Set-up wheels 
faced with electrically fused alumina are used to polish 
aluminum. Large quantities are used annually for this 
purpose. The sizes are from 30 to 220 grit, all closely 
sized to prevent scratching from oversizes and loss of 
production time from fines. E.J.V. 


PATENTS 


Abradant material and process of manufacture. L. E. 
BARRINGER (General Electric Co.). U.S. 1,980,151, Nov. 
6, 1934. Binder comprises polybasic acid-polyhydric 
alcohol resin. 

Abrading or cutting processes. P. Nuckry AND R. J. 
Scott. Brit. 417,451, Oct. 17, 1934. 

Abrasive and polishing device. H. E. To_man. 
1,977,746, Oct. 23, 1934. 

Abrasive wheel. R. C. BENNER AND H. E. 
(Carborundum Co.). U.S. 1,982,628, Dec. 4, 1934. 

Abrasive wheel and method of making. Baars 
SanFrorp (Norton Co.). U.S. 1,981,970, Nov. 27, 1934. 

Apparatus for grinding. A. F. Mout (Samuel C. Rogers 
& Co.). U.S. 1,980,872, Nov. 13, 1934. 

Apparatus for sharpening tools of chisel type. 
Hanocr. U. S. 1,979,741, Nov. 6, 1934. 

Art of grinding. J. E. Caster (Cincinnati Grinders, 
Inc.). U.S. 1,981,220, Nov. 20, 1934. 

Article of bonded granular material and method of 
making. W. L. Howe R. R. H. Martin (Norton 
Co.). U. S. 1,983,082, Dec. 4, 1934. The method of 
making an abrasive article by molding a mixture of abra- 
sive grains and a raw bond and then maturing the bond 
comprises, in addition to selecting the required size and 
kind of abrasive grains and the type of bond to be used, 
measuring out accurately the quantities of the grains and 
of the raw bond, taking into account the shrinkages in- 
volved in drying and maturing the bond of the molded 
article, which will respectively occupy predetermined 

1 The bold-face number following the journal is the volume, 


the issue number is in brackets, followed by the page numbers, then 
the year in parentheses. 
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volumes in the final product after the bond has been ma- 
tured, forming a coherable intimate mixture of the grains 
and bond, placing in an accurately dimensioned mold all of 
the precalculated quantity of grains and bond, and causing 
the mixture to occupy, prior to maturing the bond, that 
volume which has been precalculated to be such that, 
after the bond has been matured, the abrasive grains, the 
bond, and the pores will each constitute predetermined 
volume percentages of the article and the abrasive char- 
acteristics of the article will be determined solely by the 
precalculated volume percentages of abrasive, bond, and 
pores and the types of the bond and abrasive. 

Automatic grinding and polishing machine. 
Rosrnson. U. S. 1,976,805, Oct. 16, 1934. 

Combination holder, guard, and hood for portable 
grinding wheels. R. B. Ricwarpson. U. S. 1,977,088, 
Oct. 16, 1934. 

Cutlery grinding and polishing machines. B. Wa rers 
AND W. M. Dogson. Brit. 418,161, Oct. 31, 1934. 

Cutting and grinding disk. Emm OrrenpBacHer. 
U. S. 1,977,952, Oct. 23, 1934. 

Cylinder grinding and honing tools or apparatus. E. D 
Batv. Brit. 416,571, Oct. 3, 1934. 

Cylinder grinding tool. H. W. Zmmerman (Auto- 
motive Maintenance Machinery Co.). U. S. 1,978,445, 
Oct. 30, 1934. 

Device for truing profiled grinding disks. H. Fair- 
BROTHER (Reishauer-Werkzeuge A.-G.). Brit. 417,771, 
Oct. 24, 1934. 

Flexible abrasive articles, sandpaper, etc., and process 
for making. A. H. Srevens (Minnesota Mining & Mfg. 
Co.). Brit. 417,234 and 417,243, Oct. 10, 1934. 

Gage for chaser grinding. E. T. Byssne anp R. R. 
Finn (Jones & Lamson Machine Co.). U. S. 1,979,023, 
Oct. 30, 1934. 

Grinder for cylindrical surfaces. M.C. Hutto (Hutto 
Engineering Co., Inc.). U.S. 1,978,428, Oct. 30, 1934. 

Grinding or abrading disk. C. Kruc. Brit. 417,827, 
Oct. 24, 1934. 

Grinding or abrading machines. F. WuNpDERLI MaAs- 
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CHINENFABRIK A.-G.). Brit. 418,868, Nov. 14, 1934. 

Grinding or abrading tools. C. Kruc. Brit. 417,229, 
Oct. 10, 1934. 

Grinding apparatus. Kosretp (Vereinigte 
Stahlwerke A.-G.). U. S. 1,976,233, Oct. 9, 1934. 

Grinding apparatus particularly for machining rail 
joints. F. Marcus. Brit. 418,476, Nov. 7, 1934. 

Grinding curved surfaces. ALLMANNA SVENSKA ELEK- 
TRISKA AKTIEBOLAGET. Brit. 417,612, Oct. 24, 1934. 

Grinding machine. W. D. Arcnea (Cincinnati 
Grinders, Inc.). U. S. 1,976,109, Oct. 9, 1934. G. W. 
Buns (Cincinnati Grinders, Inc.). U. S. 1,976,110 and 
1,976,112, Oct. 9, 1934. CiemenTr Boorn (Cincinnati 
Grinders, Inc.). U. S. 1,976,114, Oct. 9, 1934. Owen 
Doutr (General Spring Bumper Corp.). U.S. 1,977,049, 
Oct. 16, 1934. Sor Ernsrern (Cincinnati Grinders, Inc.). 
U. S. 1,976,119, Oct. 9, 1934. Sot Ernsrern anp F. S. 
Haas (Cincinnati Grinders, Inc.). U. S. 1,982,287, Nov. 
27,1934. R.E. W. Harrison (Cincinnati Grinders, Inc.). 
U. S. 1,980,682, Nov. 13, 1934. F. S. Haas (Cincinnati 
Grinders, Inc.). U. S. 1,976,123 and 1,976,125, Oct. &, 
1934; U.S. 1,978,132, Oct. 23, 1934; U.S. 1,982,297 and 
1,982,298, Nov. 27, 1934. H.W. Jonnson (American Coil 
Spring Co.). U. S. 1,978,674, Oct. 30, 1934. B. A. 
Kearns (Cincinnati Grinders, Inc.). U. S. 1,978,110, 
Oct. 23, 1934. B.A. Kearns anv F. S. Haas (Cincinnati 
Grinders, Inc.). U. S. 1,976,130, Oct. 9, 1934. B. R. 
Purvin (Cincinnati Grinders, Inc.). U.S. 1,976,035, Oct. 
9, 1934. Emm Rurirz, Jr. (Hisey-Wolf Machine Co.). 
U. S. 1,982,483, Nov. 27, 1934. ALBERT VUILLEUMIER 
(General Motors Corp.). U.S. 1,977,747, Oct. 23, 1934. 

Grinding and polishing apparatus. Herman GoLp- 
BERG. U. S. 1,979,325, Nov. 6, 1934. 

Grinding or sharpening machines for knife blades, etc. 
E. H. Law, A. Henry, AND Rotts Razor, Ltrp. Brit. 
417,928, Oct. 31, 1934. 

Grinding wheel spindle. Peter Davey. U. S. 1,979,- 
146, Oct. 30, 1934. 

Grindstones and processes of treating. W.H.McGr. 
Brit. 417,085, Oct. 10, 1934. 

Hone. Louis Hermann. U. S. 1,976,070, Oct. 9, 
1934. 

Honing device. J. A. Voce, anp G. C. WARNER 
(Deluxe Products Corp.). U.S. 1,982,238, Nov. 27, 1934. 

Honing tool. F. M. Kern (Micromatic Hone Corp.). 
U. S. 1,978,712, Oct. 30, 1934. 

Hydraulic drive for grinding machines. F. S. Haas 
(Cincinnati Grinders, Inc.). U.S. 1,976,122, Oct. 9, 1934. 

Hydraulically driven surface grinding machine. J. R. 
Waurrtt.es (Norton Co.). U.S. 1,978,181, Oct. 28, 1934. 

Hydraulically operated machine. R. R. RABeER (Pratt 
& Whitney Co.). U.S. 1,980,356, Nov. 13, 1934. 

Knife grinder. FRepeRIcK, W. (Harris, Sey- 
bold, Potter Co.). U.S. 1,979,775, Nov. 6, 1934. 

Lapping and honing machine. W. A. OvBRIDGE. 
Brit. 417,400, Oct. 17, 1934, and Brit. 418,523, Nov. 7, 
1934. 

Lapping machine. Curtis (Samuel Brisk- 
man). U.S. 1,981,935, Nov. 27, 1934. 

Lens grinding machine. J. E. Marswarr. U. S. 
1,975,854, Oct. 9, 1934. 

Machine for grinding cylindrical bodies. Wim.1am 


Ocrivig (B. S. A. Tools, Ltd.). U.S. 1,978,279, Oct. 23, 
1934. 

Machine for grinding gears. F. A. Warp (Gear Grind- 
ing Machine Co.). U.S. 1,976,818, Oct. 16, 1934. 

Machine for grinding the inner surfaces of cylinders. 
Kart Junc. U. S. 1,975,899, Oct. 9, 1934. 

Machine for grinding, polishing, etc., work pieces. 
F. Rosine. Brit. 418,742, Nov. 14, 1934. 

Machine tool. G.W. Binns (Cincinnati Grinders, Inc.). 


‘U.S. 1,976,113, Oct. 9, 1934. G. W. Bryns anp CLEMENT 


Boorn (Cincinnati Grinders, Inc.). U.S. 1,976,111, Oct. 
9, 1934. F. S. Haas (Cincinnati Grinders, Inc.). U. S. 
1,976,124, Oct. 9, 1934. B. A. Kearns (Cincinnati 
Grinders, Inc.). U.S. 1,975,951, Oct. 9, 1934. 

Manufacture of abrasive material. CarsoruNpuM Co., 
Ltp. (Carborundum Co.). Brit. 416,730, Oct. 3, 1934. 

Means for measuring and controlling the operation of 
grinding or abrading machines. WorTaN-UND ZIMMER- 
MANN-WERKE A.-G. Brit. 417,142, Oct. 10, 1934. 

Method and apparatus for grinding valve seats. B. F. 
STowE.t (Van Norman Machine Tool Co.). U.S. 1,975,- 
985, Oct. 9, 1934. 

Method and machine for grinding gears. R.S. CoNDON 
(Gleason Works). U.S. 1,979,870, Nov. 6, 1934. 

Method of making rubber-bonded abrasive articles. 
D. E. Wesster (Norton Co.). U. S. 1,977,748, Oct. 23, 
1934. 

Method and means for preventing chattering of slender 
work. W. F. Howarp (Jones & Lamson Machine Co.). 
U. S. 1,976,072; Oct. 9, 1934. 

Method of reclaiming aluminous oxide grains. D. M. 
Ramsey (Exolon Co.). U. S. 1,978,884, Oct. 30, 1934. 

Process of abrading. Wit1am MacGrecor (Car- 
borundum Co.). U.S. 1,978,681, Oct. 30, 1934. 

Process for manufacturing hard objects in silicidized 
carbon, etc. A. L. Mincarp. U. S. 1,982,012, Nov. 27, 
1934. 

Reinforcement of high-speed abrasive wheels. F. J. 
Tone (Carborundum Co.). U.S. 1,982,710, Dec. 4, 1934. 
A method of laterally reinforcing a unitary abrasive 
wheel comprises depositing metal in the pores adjacent 
a lateral surface and on the lateral surface to form a con- 
tinuous layer of metal rooted in the abrasive. 

Rubber-bonded abrasive article. C. S. NELSON AND 
G. H. Porter (Carborundum Co.). U. S. 1,976,798, 
Oct. 16, 1934. 

Rubber manufacture. A.J.A.Y.peScueprer. U.S. 
1,981,691, Nov. 20, 1934. A method for making and ob- 
taining rubber in powdered form, from dispersions or solu- 
tions, comprises dividing the liquid in the form of non- 
cohering drops, catching the drops apart from each other 
on a drying surface by applying a relative movement be- 
tween the supplying apparatus and the drying surface, 
and removing the dried noncohering rubber particles. 

Segmental grinding wheel. Tuure Larsson (Norton 
Co.). U.S. 1,979,074, Oct. 30, 1934. 

Sizing device for grinding machines. Danie, GuRNEY 
(Landis Tool Co.). U.S. 1,982,161, Nov. 27, 1934. 

Terrazzo grinding apparatus. A. W. Mati. U. S. 
1,980,491, Nov. 13, 1934. 

Tool grinder. Freperick Hie. U. S. 1,981,174, 
Nov. 20, 1934. 
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Tool for grinding or lapping cylindrical bores. P. E. 
Wacner (Hutto Engineering Co., Inc.). U.S. 1,981,258, 
Nov. 20, 1934. 

Truing device for grinding wheels. Joun Epcar (Bar- 
ber Colman Co.). U.S. 1,979,536, Nov. 6, 1934. 
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Valve-grinding machine. Gustave Lemay. U.S. 
1,978,315, Oct. 23, 1934. 
Valve-seat grinder. J. W. Ho.iianp (Holland-Kenyon 


Machine Co.). U.S. 1,981,269, Nov. 20, 1934. 


Art and Archeology 


Bronze age pottery of Greece. Hetry GoLpMAN. 
Bull. Amer. Ceram. Soc., 13 [11], 301-308 (1934).— 
Illustrated. 

Chinese pottery as tomb “Ming-ch’i.” W. C. Wurre. 
Illus. London News, 185, 148-52 (1934).—Ming-ch’i 
(objects of the light), which were buried with the dead 
for use in the spirit world, comprised houses, vehicles, ser- 
vants, animals, and utensils made of pottery or metal. 18 
photographs of 2d Century ware. H.H.S. 

Coloring of glasses, glazes, and enamels. ANON. 
Keram. Rund., 42 [16], 197-200 (1934).—Glass melts are 
still being colored empirically. The obtaining of various 
colors, the production of pigments, and their effect are 
discussed in detail. M.V.K. 

Colossal dipylon vase. G. M. A. RicuTrer. Bull. 
Met. Mus. Art, 29 [10], 169-72 (1934).—A colossal terra 
cotta krater of the dipylon style dating from the 9th to the 
8th Century B.c. is described. It is an Athenian grave 
monument of the “dark ages” of Greece. Its decoration 
includes two historically significant sea battles. The 
piece was probably erected over a grave as a memorial and 
a receptacle for offerings. Such a large piece, thrown on 
the wheel and so elaborately decorated, is a great achieve- 
ment. It is fairly well preserved. A.A.A, 

De Forest collection of work by Pennsylvania German 
craftsmen. JoserH Downs. Bull. Me. Mus. Art, 
29 [10], 163-69 (1934).—A collection of furniture, pottery, 
metal work, textiles, and colored drawings represents the 
arts and crafts of the German settlers of Pennsylvania and 
shows a strong sense of design and color with a lively 
imagination. The pottery followed the techniques em- 
ployed in the Rhine valley. Slipware and graffito vases 
and pie plates, some of which were elaborate, were prob- 
ably presentation pieces. A corner cupboard is filled with 
imported “Gaudy Dutch” Staffordshire pottery which 
supplanted, to some degree, the somber native earthenware. 

A.A.A. 

Design impels consumer response. JosEPH SINEL. 
Bull. Amer. Ceram. Soc., 13 [11], 291-92 (1934). 

Essex glass-painters in the middle ages. CHRISTOFER 
Wooprorpe. Jour. Brit. Soc. Master Glass-Painters, 5 
[3], 110-15 (1934).—Historical notes on famous Essex 
glass-painters of the middle ages are given. M.V.K. 

Excavating the biblical city, Lachish. E. N. Fat- 
Laize. Discovery, 15, 231-33 (1934).—The work of the 
Wellcome Expedition under J. L. Starkey at Tell Duweir 
is described. Pottery with Canaanitish inscriptions was 
found. Illustrated. See also Ceram. Abs., 13 [1], 3 
(1934). H.H.S. 

Glaze and ceramic technique of ancient Seleucia on the 
Tigris. Nermson C. Desevorse. Bull. Amer. Ceram. 
Soc., 13 [11], 293-300 (1934). 

Greek terra cotta statuette. CHRISTINE ALEXANDER. 


Bull. Met. Mus. Art, 29 [7], 126 (1934).—A terra cotta 
statuette of fine sculptural quality has recently been ac- 
quired by the Museum. It is a seated goddess of the late 
6th Century B.c. AAA. 

History of the York school of glass-painters. XII. 
Political allusions in York work. Jounw A. KNowLes. 
Jour. Brit. Soc. Master Glass-Painters, 5 [3], 133-41 
(1934).—Some York windows were erected as much from 
political as from religious motives. Illustrated. For 
Part XI see Ceram. Abs., 13 [8], 204 (1934). M.V.K. 

Immortal brick of Central Asia. A. A. ZAKHAROFF. 
Asia, 34, 416 (1934).—Genghis Khan and his successors 
spared mosques and mausoleums. Photographs. See 
also Ceram. Abs., 13 [3], 66 (1934). H.HS. 

Medieval stained glass designers. Joun A. KNow.es. 
Jour. Brit. Soc. Master Glass-Painters, 5 (3), 142-47 
(1934).—The theory that the designers of medieval stained 
glass and the executauts were the same persons is dis- 
proved. M.V.K. 

Mosaics of sea-fishing 1800 years ago. A. J. Burier. 
Illus. London News, 185, 330-31 (1934).—The site of 
Leptis Magna in Tripoli, N. Africa, has yielded a Roman 
seaside villa containing large mosaics representing angling 
for fish which are identifiable. Illustrated. H.H.S. 

Museum pieces. Epmunp peF. Curtis. Bull. 
Amer. Ceram. Soc., 13 [11], 314-15 (1934). 

Old Asiatic ceramics. C. Sremverucker. Sprechsaal, 
67 [35], 530 (1934).—-Ceramic ware from Babylon, Assur, 
and Uruk-Warka exhibited at the Kaiser Friedrich 
Museum, Berlin, are briefly discussed. M.V.K. 

Pedigrees of families of glass-painters. Witrrep 
Drake. Jour. Brit. Soc. Master Glass-Painters, 5 (3), 
130-32 (1934). M.V.K. 

Photomechanics in the ceramic industry. I. L. Erre- 
mov. Keram. i Steklo, 10 [8], 11-12 (1934).—Attempts 
to reproduce prints on porcelain ware are discussed. 

M.V.K. 

Preparation of calcareous mixes to prevent the cracking 
of glazes or enamels. Friep. Bicot. Rev. mat. constr. 
trav. pub., No. 300, pp. 157-60B (1934).—Directions are 
given for working clays used in pottery making in Tunis. 
Chiefly rustic unglazed pottery is manufactured. Some 
of the ware are enameled on second firing with more or 
less opaque lead enamels with antimony oxide. The 
coloring is obtained with copper oxide and manganese 
mineral. M.V.K. 

“Selenium red,” cadmium selenide, and cadmium red. 
F.H.Zscnacxe. Keram. Rund., 42 (23), 285-86 (1934).— 
The incorrect designation of these materials used ex- 
tensively in the glass and enamel industries and the re- 
sulting errors are discussed. More exact designations are 


suggested. M.V.K. 
Stained glass in the middle ages. L.B.Samrr. Jour. 
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Brit. Soc. Master Glass-Painters, 5 [3], 117-29 (1934).—The 
unique effects achieved in the stained glass of the middle 
ages are discussed. The artists’ understanding of light 
and their ability to adapt designs to the architectural 
surroundings are described. The effect of using glass 


. with dead outside surface is discussed. The quality of the 


glass and glass painting medium, the types of subject 


- matter, and the effect of weathering on the glass are 


presented. M.V.K. 
Stoneware vases of two clays. Fritz THEILMANN. 
Keram. Rund., 42 [18], 220-21 (1934).—Directions are 
given for producing stoneware vases made from white and 
red clays. Illustrated. M.V.K. 
Theory of phosphorescence. D. BLoxnintzev. Compt. 
rend. acad. sci. U.R.S.S., 2 [3], 76-81 (1934); abstracted in 
Physik. Ber., 15 [16], 1268 (1934).—Phosphorescence 
phenomena are explained by movements of the electrons 
in the crystal lattice in accordance with quantum mechan- 
ics. M.H. 


PATENTS 
Designs for: 

Beverage dispensing bowl. F. E. Woxcorr (Silex 
Co.). U.S. 93,958, Nov. 27, 1934. 

Bottle. E. W. Fuerst (Owens-Illinois Glass Co.). 
U. S. 93,974, Dec. 4, 1934. Witrr1am Guyver (Joseph 
E. Seagram & Sons, Inc.). U.S. 93,921, Nov. 27, 1934. 
Catman Levine (Joseph E. Seagram & Sons, Ltd.). 
U. S. 93,931 and 93,932, Nov. 27, 1934. H. R. Mc- 
DonaLp (Hart Glass Mfg. Co.). U.S. 93,881, Nov. 20, 
1934. A. C. Mever (Glenshaw Glass Co.). U. S. 
93,668, Oct. 23, 1984. J. R. OrTON AND E. W. Fuerst 
(Tom Collins Corp.). U. S. 93,787, Nov. 6, 1934. 


Components and systems having a possible bearing on 
Portland cement clinker constitution. W. WATSON AND 
Q. L. Crappock. Cement & Cement Mfg., 7 [10], 313-21 
(1934).—The following systems are discussed: calcium 
oxide-silica, calcium oxide—alumina, calcium oxide—ferric 
oxide, CaO-MgO-SiO., CaO-MgO-Al,0O;, MgO-Al,O;- 
SiO,, CaO—Fe,0;-SiO,, and Optical 
properties of compounds and compositions of eutectic 
mixtures are given. Solid solutions and replacements are 
treated. G.R.S. 

Formation of different compounds crystallizing at the 
beginning of hardening of siliceous cements. L. CHas- 
SEVENT. Compt. rend., 199 [15], 673-75 (1934).—The 
examination of X-ray spectra taken during the reaction 
between soluble silica and dissolved lime showed that 2 
hr. before the beginning of the reaction a definite crystal- 
lized compound exists besides the silica gel; this compound 
remains constant regardless of the final concentration of 
the lime solution. Only one silicate of hydrated lime has 
been found to form. M.H. 

Hydrothermal synthesis of calcium hydrosilicates. 
V. A. Vicrusson, G. N. Bates, AND T. THORVALDSON. 
Can. Jour. Research, 11 [4], 520-29 (1934).—A crystalline 
substance appearing in steam-cured Portland cement mor- 
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FRASIER SmitH (Hazel-Atlas Glass Co.). U.S. 93,752, 
Oct. 30, 1934. J. S. Sree_man (Whitall Tatum Co.). 
U. S. 93,684 to 93,692, Oct. 23, 1934; U. S. 93,798 and 
93,799, Nov. 6, 1934; U.S. 93,895 and 93,896, Nov. 20, 
1934; U. S. 93,949, Nov. 27, 1934. E. G. WesrLake 
(Marshall Field & Co.). U.S. 94,008 to 94,011, Dec. 4, 
1934. 

Coffee maker. F. E. Woxcorrt (Silex Co.). U. S. 
93,957, Nov. 27, 1934. 

Combination bottle and tray with glasses. Hvuco 
Erickson. U. S. 93,916, Nov. 27, 1934. 

Cup. C. L. Sesrinc (Sebring Pottery Co.). U. S. 
94,000, Dec. 4, 1934. 

Floor plate. E.E. Moore. U. S. 93,991 and 93,992, 
Dec. 4, 1934. 

Integral flush tank and closet bowl. F. G. Brorz 
AnD G. P. Gavin. U. S. 93,537, Oct. 9, 1934. 

Jar. A.C. Mrtrzner (Independent Grocers’ Alliance 
of America). U.S. 93,669, Oct. 23,1934. O.C. Nosie 
(Tygart Valley Glass Co.). U.S. 93,994, Dec. 4, 1934. 
F. W. Stewart (Phoenix Glass Co.). U.S. 93,950, 
Nov. 27, 1934. 

Plate. W. J. THrRower. U. S. 93,897, Nov. 20, 
1934. 

Sugar bowl. C. L. Seprine (Sebring Pottery Co.). 
U. S. 93,999, Dec. 4, 1934. 

Sterile modeling clay. L. W. Sexton (Binney & 
Smith Co.). U. S. 1,979,016, Oct. 30, 1934. A sterile 
modeling clay remaining plastic for long periods of time has 
incorporated therein a solid monohydric phenol, the 
phenol being present in such amount as to be harmless to 
the human body externally as well as internally and being 
nonvolatile at ordinary room temperatures. 


tar. is a calcium hydrosilicate. It has been prepared 
by hydrothermal synthesis from mixtures of silica sand 
with lime, dicalcium silicate and tricalcium silicate, silica 
gel and lime (after preliminary steam treatment and 
ignition), and by the action of saturated limewater on 
quartz crystals or fused silica plates. Solutions of sodium 
sulfate, calcium sulfate, or alkali hydroxides appear not to 
act on the crystals, which are decomposed slowly by solu- 
tions of magnesium sulfate and alkali carbonates and 
rapidly by dilute acids and ammonium salts. The crys- 
tals were obtained free from amorphous matter by being 
grown on quartz or silica plates in saturated limewater. 
When the compound was prepared in this way, the lime- 
silica-water ratio was found to be 2:1:1, the formula being 
therefore 2CaO-SiO,-H,O or H,Ca,SiO;. This product 
usually appears as thin lath-like prisms showing parallel 
extinction, positive elongation, and moderate birefring- 
ence. The crystals are optically positive with a fairly 
large optic angle, 2V = 68°. . The indices of refraction 
are ana = 1.614 + 0.002, Bra = 1.620 + 0.002, yna = 
1.633 + 0.002. The optical plane is parallel to the macro- 
pinacoid (100), and the acute bisectrix, Z, is paraliel to 
the direction of elongation which is taken as the crystallo- 
graphic axis, C. The optical properties and X-ray pattern 
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are distinctive and entirely different from those of hille- 
brandite or foshagite, which have the same composition. 
Another crystalline calcium hydrosilicate was obtained by 
hydrothermal synthesis from excess lime and s‘lica gel. 
This appeared as very small needle-like prisms, observ- 
able only when magnified about 200 times. The crystals 
show parallel extinction, positive elongation, and very 
low birefringence with an index of refraction of 1.597 + 
0.003. Analysis of this product, extracted with a glyceroi- 
water mixture to remove excess lime, gave a lime-silica 
ratio of 2:1 with an uncertain amount of water of at least 
1 mole. The X-ray pattern is distinctive and shows 
only slight similarity to the hillebrandite pattern. Illus- 
trated. E.J.V. 
Progress in cement researches in 1933. C. R. PLatz- 
MANN. Zement, 23, 347-52, 361-fi6 (1934); abstracted in 
Chem. Zentr., ii, 1511 (1934).—A concise review of im- 
portant new discoveries made in the cement field is given. 
M.V.K. 
Reaction between aluminous cement and water. G. 
AssARSSON. Sveriges Geol. unders., p. 379 (1933); ab- 
stracted in Sprechsaal, 67 [35], 534 (1934).—The hydration 
of cement brings forth two series of reactions: the first 
series depends on the solution of calcium aluminates 
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followed by a decomposition of the solution through crys- 
tallization and hydrolysis. The second consists in a slow 
dissolving of small quantities of alkalis present in cement. 
The amount of water present is important. M.V.K. 
Setting and hardening of Portland and aluminous 
cements with relation to their resistance to water and 
mineral sulfates. A. V. Hussey. Chem. & Ind., 53 
[41], 838-47 (1934).—Portland and aluminous cements 
differ mainly in the high proportion of AlO; and com- 
paratively small amount of SiO, in the aluminous cement. 
Lists of compounds found in both are given. Setting, 
seasoning, hardening, and comparison of the properties of 
the two kinds of cements are discussed. The action of 
sulfates on both kinds of cement is treated. G.R.S. 


PATENT 


Waterproofed gypsum. W. C. Hansen (American 
Cyanamid Co.). U.S. 1,975,787, Oct. 9, 1934. A process 
of producing a waterproof gypsum product of desirable 
strength, setting time, and crystal structure comprises 
uniformly incorporating 1 to 10% by weight of a solid, 
water-insoluble resinate with calcined gypsum, gaging 
with water, and setting in the usual manner. 
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Barium nitrate in enamel frit. ANon. Glashiilte, 64 
[29], 482-84 (1934).—Barium nitrate melts and decom- 


poses at higher temperatures than alkali nitrates; hence 


higher oxidation action, better homogenizing, better 
opacification, and weaker attack on the refractories of the, 
enamel oven occur. It is recommended to replace 
minium and alkalis by barium nitrate. M.V.K. 
Boiling strength of enameled ware. RICHARD ALDIN- 
GER. Keram. Rund., 42 [32], 394-95 (1934).—It is 
shown that the experiments of Dawihl (Ceram. Abs., 13 
[7], 171 (1934)) on the boiling and acid stability of enam- 
eled ware are not conclusive for the behavior of ware in 
practice. The cracking of ware is promoted by (1) too 
large a coefficient of expansion of the enamel (examples 
from practice are given), and (2) dry heating of the ware, 
producing later fissures and splintering of the enamel. 
M.V.K. 
Continuous vitreous enameling furnace. VI. F. S. 
MarkKert. nelist, 12 [1], 18-22 (1934).—To prevent 
contamination from dirt and scale on the overhead rods 
and shoe plates, a box lined with wire bristle brushes was 
mounted so as to scrape the rods and both sides of the 
shoe plates clean. Typical installations of the improved 
furnace are described and operating data are given. For 
Parts IV—V see Ceram. Abs., 14 [1], 4 (1935). E.J.V. 
Control of enamel masses. VIELHABER. Emailwaren- 
Ind., 11 [37], 305-308 (1934).—The consistency of the 
enamel slip and its testing are discussed. M.V.K. 
Copperheads. FEmailwaren-Ind., 11 [39], 
322-23 (1934).—Reddish specks (copperheads) formed on 
the enamel are caused chiefly by gases, probably S, de- 
veloped during firing. They appear mostly in enamel 
plants using lignite for fuel. Gases always penetrate 


into the muffle and affect the enamel. Light enamels, 
é.g., enamels with a high flux content, are very sensitive 
to the action of gases and sudden changes of temperature, 
while heavy ground enamels are affected slightly. 
M.V.K. 
Effect of mill additions on melting temperature of 
enamel. VIELHABER. Emailwaren-Ind., 11 [35], 289-90 
(1934).—Details are given of experiments made with 
different enamels to which various amounts of mill addi- 
tions were added. The melting temperature of an enamel 
is increased when more than 4% tin oxide and 6% clay are 
added to the mill. Tin oxide affects the melting tem- 
perature more than clay. M.V.K. 
Glycerin instead of water or oil. VieLnanerR. Email- 
waren-Ind., 11 [39], 324 (1934).—Instead of water or 
oil, glycerin can be used for colored enamels, especially 
for shields and enameled advertisements. Glycerin does 
not affect the color or the enamel and evaporates at 290° 
without leaving any residue. Glycerin does not dry up and 
keeps the enamel moist. M.V.K. 
History of the bathtub. N. A. Hester. Enamelist, 
12 [1], 13-14 (1934).—Tracing the history of the bath 
from the Romans to the present, H. gives a nontechnical 
description of the manufacture of enameled sanitary ware. 
E.J.V. 
Leadless enamels directly on iron. H. J. KArRmMaus 
Sprechsaal, 67 (28), 419-21 (1934).—Attempts to apply 
leadless enamels directly on iron are described in detail. 
The enamel contained no cryolite. Most of the difficulties 
arising from this method, especially the formation of bub- 
bles, are due to the reaction of the enamel with the carbon 
of the cast iron. M.V.K. 
Magnetic separator. F. R. Porter anp A. S. AvLt- 


; 
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Enamelist, 12 [1], 16 (1934).—To obtain enamel slips 
free of iron and other detrimental magnetic particles the 
enamel departments of the Edison General Electric Co., 
Chicago, IIl., and the General Electric Co., Erie, Pa., con- 
sider the magnetic separator a necessary piece of equip- 


ment. E.J.V. 


Metal cleaning. J. H. Lewis. Mech. World, 96 
[2494], 361-63 (1934).—The use of metal for decorative 
purposes and the need for well-finished products have led 
to the development of equipment for rapid cleaning of 
metal surfaces. The processes involve the use of special 
chemicals which are now commercially produced. The 
main object is the quick removal of grease, dirt, and scale. 
Detailed information is given for selecting the plant 
and materials suitable for most cleaning purposes. 
IL. Jbid., 96 [2495], 390-91 (1934).—Electrolytic pickling 
is discussed. Inhibitors used in pickling baths prevent 
embrittlement of the metal and result in metal saving, 
prolong the life of the bath, and suppress most of the acid 
spray. Illustrated. E.J.V. 

Nickel bath in the pickle room. G. W. Horsretrer. 
Enamelisi, 12 [1], 15-16 (1934).—The use of a nickel bath 
in pickling helps prevent fishscale, increases adherence, 
and decreases the tendency to chip. Copperheading quite 
often occurs on repickled ware that was treated in the 
nickel tank in the first pickling operation. Proper con- 
trol of temperature, nickel concentration, and acidity in- 
sures uniform electrochemical deposit on the ware and 
secures greatest efficiency from the nickel dip treatment. 
Control methods are described and precautions to be 
taken in the use of the bath are given. E.J.V. 

Place of the enameled steel house. LeRoy W. ALLISON 
AND Matcotm B. Catiin. Jron Age, 134 [11], 14-19 
(1934). 

Porcelain enameled steel buildings. L. W. ALLISON 
AND M. B. Catitin. Jron Age, 134 [10], 18-23 (1934).— 
Architectural aspects, development, and trends of the ap- 
plication of porcelain enameled steel to building construc- 
tion are dealt with. ALK. 

Pots, pans, and kitchen kettles. ANon. Enamelist, 
12 [1], 9-12 (1934).—A brief history is given of the Na- 
tional Enameling and Stamping Co. from the early 1860's, 
when it was producing the first American-made tin plate, 
to the present, when enameled hollow ware is being pro- 
duced in a modern plant with two continuous furnaces, 
one electric and one gas-fired. Illustrated. E.J.V. 

Preparing sheet steel ware for vitreous enameling. 
Anon. Clay Prod. News, 7 [10], 3 (1934).—Cleaning 
and pickling methods for sheet steel preparatory to apply- 
ing enamel are given. M.C:S. 

Production problems in enameling iron and steel. L. 
W. ALiison AND M. B. Cartiin. Iron Age, 134 [14], 
21-27 (1934).—The authors discuss the enameling tech- 
nique of the base metal and the composition of the enamels. 
Such process troubles as blistering, black-specking, and re- 
boiling are discussed. A.K. 

Raw materials for producing enamel for sheet iron 
and cast iron. H. Esricnt. Emaillerie, 1 [10], 5-11; 
[12], 13-15 (1933); 2 [1], 5-10; [2], 21-23 (1934); ab- 
stracted in Emailwaren-Ind., 11 [40], 333 (1934). 

M.V.K. 
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Sand and feldspar as enamel raw materials. ANON. 
Keram. Rund., 42 [26], 322-23 (1934).—A discussion of 
the effect of sand and feldspar in the enamel batches and 
their preparation is given. The old classification of 
enamel raw materials into refractory, fluxing, and coating 
materials is inadequate; the following classification is 
more up to date: (1) glassforming materials (quartz, 
feldspar, kaolin, borax, boric acid, potassium, sodium, 
calcium, and magnesium carbonates, lead and zinc oxides) ; 
(2) oxidizing agents (potassium and sodium nitrate, pyrolu- 
site); (3) adhering oxides (CoO and NiO); (4) opacifiers 
(phosphates and fluorides); (5) coloring fluxes. M.V.K. 

Sodium phosphate instead of borax. VIELHABER. 
Emailwaren-Ind., 11 [35], 290-91 (1934).—It is not pos- 
sible to replace borax entirely by phosphate in an enamel. 
The phosphate has valuable properties, but it increases 
the coefficient of expansion of the enamel. In many cases 
it is advantageous to use sodium phosphate as a flux. 

M.V.K. 

Solubility of opacifiers in enamel. I. Solubility of 
cryolite. W. Dawimmt. Keram. Rund., 42 [34], 423-24 
(1934).—The results of experiments show that with a de- 
creased sodium content of the enamel melt, more cryolite 
is necessary to obtain the same opacifying effect. The 
solubility of sodium fluoride increases with a decreasing 
sodium content of the batch. M.V.K. 

Wet and dry processes of enameling. L. W. ALLISON 
AND M. B. Catiin. Jron Age, 134 [1], 18-21 (1934).— 
The advances in the art of enameling iron and steel 
and the growth of the enameling industry are traced. 
The enameling of both cast iron and steel is described. 


BULLETIN 


Antimony in enameled hollow ware. G. W. MonrER- 
Wiiusrams. Rept. Pub. Health & Med. Subjects, No. 73, 
18 pp. (1934). H.M. Stationery Office, London. Price 4d. 
Reviewed in Analyst, 59, 489-90 (1934).—Unless pent- 
oxide, or its compounds, only is used, it is suggested that 
Sb be totally prohibited in enameled hollow ware. See 
also Ceram. Abs., 14 [1], 3 (1935). H.H.S. 


PATENTS 


Building construction. J. C. De Vor (Ferro Enamel 
Corp.). U.S. 1,983,020, Dec. 4, 1934. 

Cooking utensil. W.T. Currstman (Federal Enamel- 
ing & Stamping Co.). U.S. 1,980,383, Nov. 13, 1934. 

Lavatory fountain. H. A. Mutuett H. E. Herne 
(Bradley Washfountain Co.). U. S. 1,977,079, Oct. 16, 
1934. 

Machine for enameling sheet metal. W. K. FRIEND 
(American Seating Co.). U.S. 1,976,066, Oct. 9, 1934. 

Process of removing rust from and pickling iron and 
steel. A. A. THORNTON (Vereinigte Stahlwerke A.-G.). 
Brit. 418,994, Nov. 14, 1934. 

Wall covering. K. C. H. B. LITTLE 
(Baltimore Enamel & Novelty Co.). U. S. 1,980,347, 
Nov. 13, 1934. 
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Artistic glass from 1900 to the present day. FREDERICK 
CaRDER. Presented at meeting of American Ceramic 
Society, Cincinnati, February, 1934; Glass Ind., 15 [3], 
28-29 (1934).—Emile Galle of Nancy produced artistic 
glass with carving in relief, taking for his ideas flowers and 
‘landscape designs instead of figure subjects as shown by 
John Northwood and the Woodall brothers, whose work 
influenced his. He used colored casings of glass upon a 
transparent or translucent base. His work was done in 
relief by first etching out the mass with acid, and then 
engraving the detail with the wheel. Daum Freres pro- 
duce outstanding pieces of glass by the use of etching 
with hydrofluoric acid. In 1900 Louis C. Tiffany and 
others introduced metallic designs of glass, all effects 
being produced at the fire while the glass was still hot and 
plastic. Various methods of producing these designs are 
described. Lalique’s work consists largely of pieces 
pressed or blown into molds. Marinot’s work consists of 
very heavy glass pieces, wherein colored glasses are fused 
into the mass, together with bubbles of air. In 1900 
Henri du Cross developed what he called pate de verre, 
in which glasses of various colors are ground to powder 
and the mixture is placed in a refractory mold. When 
fired the glass particles are fused together. After anneal- 
ing and cooling they may be polished. Architectural 
glass, a recent development, is made in different sculptural 
forms, either in high or low relief, such forms or blocks of 
glass being part of a general design. Illustrated. 

E.J.V. 

Bibliography of alumina and feldspar in transparent 
glass (1918 to 1933). Warinc BRADLEY AND DONALD 
E. SHarp. Glass Ind., 15 [10], 253 (1934).—The first 
part of the bibliography, consisting of 137 references, is pre- 
sented. E.J.V. 

Carbon and sulfur as glass colors. A. Atty. Glass 
Rev., 10 [9], 141-44 (1934).—Additions of carbon in the 
form of graphite from 0.25 to 10.0% .in soda-lime-silica 
glasses of medium and high alkali contents (15 or 30%), 
made from chemically pure raw materials and melted in a 
platinum crucible in an electric furnace in both an oxidiz- 
ing and in a neutral atmosphere, produced no color. A 
possible explanation of the light yellow color obtained by 
Weckerle in carbon-containing glasses is given. Melts 
with 1.0% sulfur in the above glasses gave practically no 
color in the absence of carbon. In the preliminary melts 
with less pure raw materials (pure ground quartz, selected 
crystals of calcite, and c.p. sodium carbonate) and with a 
sulfur content of from 0.25 to 1.0% in both oxidizing and 
neutral atmospheres, various shades of yellowish brown to 
definite browns were obtained. Tests with 2.0 CaS, 2.0 
Na;SO, and 2.0% CaSO,, when added in soda-lime-silica 
glasses separately, produced no color. A.A. 

Chemical durability of glass, committee progress report. 
Anon. Bull. Amer. Ceram. Soc.,13 [11], 319-20 (1934). 

Corning completes 5600-pound disk for Texas Univer- 
sity. ANON. Amer. Glass Rev., 53 [52], 8 (1934). The 
world’s second largest telescope disk, 81'/,; in. in diameter, 
was completed without a flaw. Compused of the same 
borosilicate glass as used in the 200-inch mirror recently 
poured, it weighs 5600 Ib. and is 13 in. thick. M.C.S. 


Glass 


Corrosion of glass bottles by alcoholic solutions. Vio- 
LET DimsLesy. Glass Rev., 10 [9], 134-37 (1934).—Four 
different makes (A, B, C, and D) of 4-oz. flat medicine 
bottles having different compositions were subjected to a 
standard 5-hr. boiling test. Their behavior when used for 
storing both water and alcoholic solutions of different 
strengths a: various temperatures was determined. With 
distilled water tests, data were reported as to the total 
Na,O extracted in the standard tests and the time for first 
appearance at 100°C of cracks, pitting, and flakes. Time 
for first appearance of flakes at 30 and at 60°C was also 
reported. The results indicated that in set B, which was 
in store for almost a year, the total Na,O extracted in 
standard test was the lowest; at the same time the aging 
of the B bottles had increased the tendency to produce 
flakes. The great influence temperature exerted upon the 
corrosion was also brought out. Tests with alcoholic 
solutions showed the effect of temperature in enhancing 
the attack of the liquid. Of the different strengths (10, 
20, 40, and 60%) of alcoholic solutions used for tests, 
the alkali extracted reached a maximum for a 40% strength 
of alcohol. The bottles examined after the test exhibited 
marked iridescence. Comparing the behavior of the 
bottles toward alcoholic solutions and toward water at 
30 and 60°C, there was a much greater tendency to 
produce flakes with all the alcoholic solutions than with 
water. A.A. 

Crowns of glass furnaces. W. Giecericn. Glastech. 
Ber., 12 [9], 308-13 (1934).—Considerations for plans and 
construction of a furnace crown, the strength and depth of 
crown, burner construction, breadth of hearth, and posi- 
tion of crown, are discussed. G.R.S. 

Decolorizing glass with rare earth. Ropert ENGsTROM. 
Tek. Tid., 64, 241-42 (1934); abstracted in Chem. Zentr., 
ii, 1511 (1934).—The results of researches of Léffler 
(Ceram. Abs., 13 [1], 9 (1934)) on the decoloration of glass 
with neodymium and with cerium preparations containing 
Nd are discussed in detail. M.V.K. 

Defective treatment of drawing nozzles, glass defects 
produced by them, and their removal. G. NovAky. 
Sprechsaal, 67 [30], 446-48 (1934).—-Directions are given 
for the careful handling of drawing nozzles of Fourcault 
machines. Defective nozzles produce bubbles in the glass. 
Illustrated. M.V.K. 

Determining the coefficient of expansion of glass by 
means of a weighing method. M. I. Mozuerko Anp 
M. F. Suur. Keram. i Steklo, 9 [5], 21-23 (1933).—A 
pycnometer-like ampoule produced from the glass to be 
investigated is filled with mercury at 0° and weighed at 
100°. The loss in weight of mercury and its known co- 
efficient of expansion enable the calculation of the coef- 
ficient of expansion of the glass. M.V.K. 

Devitrification constants of potash-lead-silicate glasses 
along the lead-glass line. R.GepreRT AND A. DiEeTzev. 
Sprechsaal, 67 [39], 591-93 (1933).—The rate of crystal- 
lization in dependence on temperature of four pure potash- 
lead-silicate glasses with 25, 30, 35, and 40% lead oxide 
was determined. The equilibrium temperatures of crys- 
tal = melt (upper devitrification limits) yielded together 
with the results of the investigations of Kracek, Bowen, 
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Morey, and Hirsch (Ceram. Abs., 12 [5], 185 (1933)) a 
general idea of the conditions of devitrification in the 
system K,0-PbO-SiO,. The validity of the old rules of 
Zschimmer relating to lead oxide glasses was confirmed. 
The lead glasses studied devitrified throughout with great 
difficulty. The crystals separated consisted of cristobalite 


and tridymite. M.V.K. 


Effects of borax and alumina in glass. C. W. PARMELEE 
anv A. E. Bapcer. Glass Ind., 15 [10], 235-38 (1934).— 
Raw materials used to introduce alumina in glass are 
feldspar and hydrated and calcined alumina. The sources 
of B,O; in glass are borax and boric acid. The effects of 
the two oxides in glass on the following properties are 
discussed, quoting the work of various investigators: de- 
vitrification, melting rate, corrosion of refractories, ther- 
mal expansion, viscosity, tensile strength, compressive 
strength, modulus of elasticity, thermal endurance, dur- 
ability, density, hardness, electrical conductivity, etc. 

E.J.V. 

Effect of carbon content of typical crystal glass sands on 
the coloring of glass by selenium. H. Wrecanp, A. 
Drerze., AND E. Zscuimmer. Sprechsaal, 67 [35], 
528-30; [36], 54446; [37], 559-62; [38], 575-76 
(1934).—Selenium (0.0025%) as sodium or barium selenite 
was melted with a soda-lime-silica glass. It was found 
that the coloring of the glass is due not only to the iron 
oxide content but also to the different carbon content of the 
raw material. All sands investigated contained more or 
less carbon which promotes the formation of elementary 
selenium coloring pink or that of the (poly)selenides color- 
ing brown. The melts free from carbon with synthetic 
silica or rock crystal contained selenium as selenite and 
appeared colorless. The practical significance of these 
researches is that the carbon content of the sand must be 
taken into consideration when coloring with selenium or 
its compounds. In many cases carbon promotes the for- 
mation of an injurious brown discoloration (by selenides or 
polyselenides). In such cases, an addition of saltpeter to 
the batch produces a better coloring. M.V.K. 

Effect of products of decomposition of a melting batch 
on waste-gas analysis of a glass furnace. ANON. Glas- 
haitte, 64 (32), 528-29 (1934).—-On the basis of theoretical 
considerations and calculations, it was found that the 
determination of the CO, content of the waste gases from 
glassmelting furnaces is not a suitable criterion of the at- 
mosphere prevailing in the furnace and of the manner in 
which it influences the melting process. Only the oxygen 
and carbon monoxide contents can give this. By follow- 
ing analytically the charging of the waste gases with the 
products of decomposition of the glass batch (CO,), it is 
possible to determine whether the periodic charges of batch 
material are decomposing uniformly or not. M.V.K. 

Essentials of glass technology based on American 
practice. XIV. S. R. Scnores. Ceram. Ind., 23 [5], 
270 (1934).—In drawing tubing, a heavy gather is pre- 
pared and marvered to conical shape, with a cylindrical 
bubble of small bore extending the length. The tube is 
drawn away from the blower, who keeps the tube round by 
intermittent blowing, and the diameter and wall-thick- 
ness are controlled by the speed of drawing, blowing pres- 
sure, and temperature of the glass. Rods are made in the 
same manner except that the gather is solid and no blowing 
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is done. The details of pressing ware in gray cast-iron 
molds are described. To remove the joint marks the piece 
is lightly “‘stuck-up,”” reheated in the glory-hole, and 
finished as in off-hand shaping. A great variety of ware 
can be made by pressing. For Part XIII see Ceram. Abs., 
14 [1], 8 (1935). E.J.V. 
Formation of cristobalite as octahedra in devitrified 
glass. Marce: Be.iitre. Translated in Glass Ind., 
15 [10], 239-40 (1934); see also Ceram. Abs., 13 [7], 175 
(1934). E.J.V. 
Glass. R. A. Muuer. Chem. Met. Eng., 41 [10], 
523 (1934).—A condensed summary of the materials 
handling equipment used in the manufacture of glass is 
given. A.K. 
Glass batch recipes. I. I. Krrarcoropsxil. Keram.i 
Steklo, 10 [8], 3-6 (1934).—After a brief review of the 
chief defects of glasses manufactured in U. S. S. R., stand- 
ard specifications for the composition of various kinds of 
glasses are discussed. M.V.K. 
Glass furnaces in ancient times. H. Mavuracn. 
Glastech. Ber., 12 [8], 265-74 (1934).—Development of 
glass furnaces from Egyptian and Assyrian antiquity to 
the invention of the regenerative furnace is traced. 
G.R.S. 
Glass and porcelain insulators. H.Demeuipe. Verre 
& Silicates Ind., § [18], 345-46 (1934).—The advantages 
of porcelain insulators over glass insulators are briefly 
mentioned. M.V.K. 
Grinding and polishing glass. A. Bercmann. Metail- 
bérse, 23, 1585-86 (1933); abstracted in Chem. Zentr., i, 
1371 (1934).—The use of “confining layer photo-cells” 
of B. Lange (Ceram. Abs., 11 [4], 231 (1932)) for studying 
the reflection of glass surfaces shows the mechanism of 
processes occurring during polishing. M.V.K. 
Illumination of structural glass. C. S. Woopsipe. 
Glass Ind., 15 [10], 242 (1934).—Structural glass may be 
illuminated by diffusion, obscuration, light reflection, and 
light transmission. The method of illumination used 
depends largely upon the effect desired. Examples of 
types of illumination are cited. E.J.V. 
Improving melted glass with German raw materials. 
Hans Ktur. Keram. Rund., 42 [18], 221-23; [19], 
236-38 (1934).—The effect of German raw materials, such 
as alumina, lime, magnesia, barium, boric acid, zinc, and 
lead, on glass and its improvement by coloring and working 
are discussed in detail. Compositions of old German 
glasses and present-day glasses for various purposes are 
briefly dealt with. F. H. Zscuacxe. Jbid., 42 [25], 
306-308 (1934).—Z. comments on the discussion of Kiihl. 
Germany imports from abroad boric acid, lead oxide, 
manganese, tin, copper, cadmium, niekel, antimony, 
cerium, and rare earths. M.V.K. 
Iron-containing glass prevents heat-ray transmission. 
Anon. Amer. Glass Rev., 54 [6], 20 (1934).—The iron- 
containing glass recently produced stops and absorbs 52% 
of sunlight heat, and 8% is reflected off the outside The 
small amounts of iron in the glass absorb the ultra-violet 
and infra-red or heat rays of sunlight. M.C:S. 
Laboratory filters from glass. P. H. PRAUSNITZ. 
Chem.-Ztg., 57, 885-86 (1933); abstracted in Chem. Zentr., 
i, 732-33 (1934).—Glass laboratory filters are described in 
detail. See also Ceram. Abs., 13 [3], 74 (1934). M.V.K. 
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Laboratory production of sintered glassware. H. V. A. 
Briscoz AND A. R. Lowe. Jour. Chem. Soc. [London], 
pp. 1379-80 (Sept., 1934).—Powdered Pyrex brand glass is 
boiled with hydrochloric acid, sifted, and washed. After 
draining, the powder is moistened with sodium silicate 
(about 0.05 cc. for 3 or 4 g. glass). It is molded and 
heated on a charcoal block. After cooling, it is boiled 
with water and dried. Details as to procedure are given. 

M.V.K. 


Larger disks possible. J. C. Hostrerrer. Amer. 
Glass Rev., 53 [51], 9 (1934).—Through the close coépera- 
tion of the chemist, physicist, mathematician, ceramist, 
and mechanical engineer, the development of glass disks 
has advanced from Galileo’s 2'/,-in. telescope mirror to the 
200-in. mirror produced by Corning Glass Works. Fur- 
ther study should make it possible to produce still larger 
disks. M.C.S. 

Lithia glass. Anon. Glass, 11 [10], 387 (1934).— 
Lithium oxide is an excellent flux for glass melts. Lithia 
glass is said to have a low melting point and a lower 
annealing temperature than other alkali glasses. It is 
more permeable to X-rays and has a lower color dispersion 
and lower refractive index than optical glass compounded 
of the heavier elements. M.CS. 


Malleable and ductile glass. S. I. PERKAL AND JAMES 
Bamey. Bull. Amer. Ceram. Soc., 13 [12], 351 (1934). 


Measuring visible and total energy transmission of 
heat-absorbing giasses. H. P. Gace. Glass Ind., 15 
[10], 241-42 (1934).—The transmission properties of 
heat-absorbing glass may be calculated if the spectral 
transmission of the glass and the spectral energy curve 
of the source are known. It is recommended that heat 
transmissions be measured with a tungsten lamp operated 
at 3000°K using a thermopile-galvanometer combination, 
first without, then with the glass interposed. The light 
transmission of the glasses is measured with a visual 
photometer using tungsten lamps operated at 2360°K. 
The difference caused by a change in the color temperature 
of the light source in the heat transfer measurements is 
large and requires close control, while the color temperature 
of the light source does not greatly change the readings of 
the visual photometer. Specifications are proposed as 
standards for selecting heat-absorbing glasses. E.J.V. 

Measurements on the breaking strength of glass. 
A. J. Hottanp. Glass Rev, 10 [8], 118-19; [9], 138-41 
(1934).—Specimens 4 in. long, 0.6 to 1.5 cm. wide, and 
0.26 to 0.31 cm. thick were tested for strength with trans- 
verse loading. Fractured surfaces were carefully ex- 
amined and photomicrographs of the breaks were taken. 
Three distinct types of fracture obtained were (1) a simple 
straight break usually parallel to the knife edges, (2) an 
explosive fracture having a V-shaped formation, and (3) a 
fracture intermediate between (1) and (2). Simple 
straight breaks were associated with low vaiues of break- 
ing strength, and the more complex V breaks, with very 
high values. From the photomicrographs of the fractured 
surfaces it seemed probable that the break was started at 
some incipient flaw near the edge and on the under surface 
of the specimens. The more important data of the in- 
fluence of various factors on the breaking strength are given 
in the following table. 


Glass 


breaking ficient 
sq. cm. (%) tested Conditions of test 
*558 11.3 214 Tested immediately after 
cutting 
552 10.8 50 Tested 1 day after 
cutting 
**508 13.0 133 Tested 1 day after an- 
532 9.6 32 Tested 2 days after an- 
nealing 
7527 11.0 113 Tested 1 day after an- 
nealing 
540 8.9 33 Tested 2 days after an- 
nealing 
528 11.7 25 Tested 10 days after an- 
nealing 
507 7.5 25 Tested 10 weeks after 
annealing 
1925 29.1 80 Cut edges in compression 
901 14.7 =—‘Fire-polished edges in 
tension 
841 16.8 Fire-polished edges in 
compression 
858 16.2 All edges fire-polished 
572 12.2 125 All edges ground and 


polished 
940 17.1 100 All edges fire-polished 


* Two specimens cut from annealed sheet and tested 
with cut edges in tension. 
** Two specimens cut from annealed sheet, reannealed, 
and tested with cut edges in tension. 
t Four specimens cut from unannealed sheet, an- 


A value of the breaking strength of glass without flaws 
was obtained for specimens of 1.02-cm. width which had 
been fire-polished after grinding and polishing. This 
value was 940 + 17.1% kg./sq. cm. A.A. 

Modern Aladdins. W. T. Levirr. Bull. Amer. 
Ceram. Soc., 13 [11], 308-14 (1934).—Illustrated. 

Optical glass in U. S. S. R. I. V. Gresensrcurkov. 
Glass Ind., 15 [10], 249-51 (1934).—The manufacture of 
optical glass, started during the War, has increased until 
now the annual production of the two optical glass factories 
is twice as large as the pre-war production of the Schott 
factory in Jena. The State Optical Institute (GOI) has 
played an important part in developing optical glass 
production. By introducing the continuous process of 
mixing the glass, the melting time has been shortened from 
72 hr. to24to28hr. The work of the GOI in the study of 
methods of determining optical constants has changed the 
methods of preparation of flint glass. Both the Lenzos 
and Izos factories have produced large disks for astronomi- 
cal instruments of satisfactory quality. Some of the 
findings of the research workers are listed. Illustrated. 

E.J.V. 

Raw materials used in glass manufacture. V. ANON. 
Glass, 11 [9], 340 (1934).—The glass-batch ingredients 
classified as fluxing, oxidizing, reducing, and fining agents 
are discussed. Sodium nitrate and potassium nitrate are 
discussed as to their purity and fluxing properties. The 
oxidizing agents usually used in glass batches are briefly 
considered and include the nitrates of sodium and potash, 


| 
| 35 
| 
Nea! anid i urges Psion. 
t Six specimens cut from annealed sheet and re- . 
annealed before test. 
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red lead, and occasionally the nitrates and peroxides of 
barium. The fining egents, arsenic, antimony oxide, 
ammonium salts, borax, nitrate of soda, saltpeter, salt 
cake, witherite, and zinc oxide, are individually con- 
sidered and their particular properties discussed. VI. 
Ibid., 11 [10], 385 (1934).—Calculations necessary for 
preparing glass batches are described. For Parts II-IV 
see Ceram. Abs., 14 [1], 10 (1935). M.CS. 
Safety glass, artificial glass, bullet-proof armer glass. 
Fritz Ont. Keram. Rund., 42 [34], 421-23 (1934).— 
O. discusses organic intermediate layer materials. In 
bullet-proof glass a plane parallel surface is necessary. 
Tables show results of tests with bullet-proof glass. 
M.V.K. 
Selenium and arsenic trioxide in the decoloration of 
glass. A. V. Senin. Keram. i Steklo, 10 [8], 24-27 
(1934).—S. discusses in detail the nature of decoloration of 
glass by selenium and the curves of absorption of such 
glasses. A glass decolorized with selenium only is never 
ideally decolorized because it is always more transparent 
in the yellow-orange part of the spectrum. Arsenic tri- 
oxide has a reducing effect on the equilibrium between the 
oxides of iron (FexO; = FeO) in the glass containing 
selenium and the following reaction occurs: 2Fe,0; + 
As,0O; = 4FeO + As,Os, i.e., the glass contains less Fe,O; 
and more FeO. This change of equilibrium has the effect 
of lowering the transpa’ency of the glass in the yellow and 
red parts of the spectrum and of increasing the trans- 
parency in its green and blue parts. The glass absorbs 
uniformly in all parts of the spectrum and is ideally de- 
colorized. M.V.K. 
Selenium glass in the annealing oven. W. Hor.er 
AND A. Dietzer. Glastech. Ber., 12 [9], 301-302 (1934).— 
To produce a red color with selenium glass during cooling 
in the annealing oven, the atmosphere during the melting, 
working, and annealing must be either oxidizing or neutral 
andconstant. The cooling process (curve) must be strictly 
adhered to. Some of the selenium should react with the 
iron oxide but it must always be the same to avoid under- 
or over-coloration. A curve of iron-selenium glasses 
shows the marked changes in color with changes in iron 
oxide and selenium and with the oxygen pressure of the 
melt. G.RS. 
Selenium-red coloration W. HoFr.er A. 
Glastech. Ber., 12 [9], 297-99 (1934).—All observations 
made so far yield no proof for a colloidal distribution of 
selenium in red glass. Since on cooling the glass the red 
color appears in a temperature region where a selenium 
particle growth is impossible and the process is reversible, 
it is concluded that an explanation of the selenium-red 
coloration will not be found in the sphere of colloid chemis- 
try. In what form the selenium exists in the fluid melt, 
the explanation of the “temperature coloration,” and 
whether the rose color found in selenium glass can be pre- 
pared in other solvents must be determined. G.R:S. 
Selenium red, a tempering color. J. Lérrirer. Glas- 
tech. Ber., 12 [9], 299-301 (1934).—Selenium red shows 
properties of a tempering color, especially if a part of the 
selenium is applied in the colored form and a greater part 
as a colorless compound with oxygen. The red tempering 
color showed especially strong in glasses which were 
colored with greater amounts of arsenic and selenium. 
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The tempering is unrelated to the atmosphere. With too 
strong oxidation the tempering property disappears. 
G.RS. 
Standardization of Lovibond red glasses in combination 
with Lovibond 35 yellow. Kasson S. GIBSON AND 
GERALDINE WALKER Haupt. Jour. Research Nat. Bur. 
Stand., 13 [4], 433-51 (1934); R.P. 718. Price 5¢. 
The fundamental standardization of the Bureau’s Lovi- 
bond red glasses is described. R.A.H. 
Streak-formations in glass. Anon. Keram. Rund., 
42 [31], 382-83 (1934).—A case from practice is described 
where streaks were formed in a siliceous glass of sand, 
lime, and soda melted in a continuous tank furnace be- 
cause of the unsatisfactory melting of the sand. The 
microscope showed that the white knobs were not amor- 
phous but had the crystalline structure of cristobalite. 
Illustrated. M.V.K. 
Strength of glass. K.H. Borcuarp. Translated in 
Glass Ind., 15 [10], 247-48 (1934); see also Ceram. Abs., 
13 [10], 256 (1934). E.J.V. 
Tank furnaces with constructional division of the tank. 
S.S. Berman. Glass, 11 [10], 380 (1934).—The evolution 
of the modern glass tank is described. Morlot’s two-sec- 
tion pots, introduced in 1843, led to the first continuous 
glassmelting operations; Siemen’s pots, divided into three 
chambers, followed. These pots permitted continuous 
operation and satisfactorily melted and worked the glass, 
but the partitions were rapidly corroded away and the 
pots had a relatively short life. To overcome this, Sie- 
mans developed the tank furnace. Through many changes 
and improvements the tank furnace of the present day has 
been developed. M.C.S. 
Testing bottles. K. H. Borcnarp. Sprechsaal, 67 
[38], 576-77 (1934).—A time-pressure apparatus for test- 
ing strength of glass bottles is described. Values ob- 
tained are represented on a curve. M.V.K. 
Thermal insulating agent from glass yarn. A. F. Pe.- 
LAT. Nature [Paris], 1, 388-91 (1934); abstracted in 
Chem. Zentr., ii, 1001 (1934).—A brief review is given of 
the manufacture, properties, and uses of glass-wool 
insulation. M.V.K. 
Transmission of solar radiation through heat-absorbing 
glass. R.S. Estey anp R. A. Mrer. Glass Ind., 15 
({10], 243-45 (1934)—Data on a commercial glass are 
shown. The introduction of iron and other coloring 
materials produces glasses which have low transmission 
for ultra-violet and infra-red radiation and yet retain 
a reasonably high selective visible transparency. The 
choice of batch with its effect on color, light transmission, 
heat transmission, ease of manufacture, reproducibility, 
and cost is almost unlimited and for that reason, in the 
merchandising of heat-absorbing glasses, the emphasis 
must be placed upon factors other than light and heat 
transmission alone. E.J.V. 
Ultra-violet absorption of thin blown glass. S. Cris- 
TEsScU AND S. VeNcov. Bull. Soc. Romane Fiz., 35, 75-87 
(1933); Brit. Chem. Abs., A53, 238 (1934).—The trans- 
mission of Jena and Thuringian glass, 2.5 to 300y thick, 
was measured. For very thin plates it extended to 2300 
to 2500 A. (J.S.G.T.) 
Use of yellow glasses for beacons for marine or aviation 
purposes. A. BLonpeLt. Compt. rend., 199 [17], 756-59 


t 

; 


1935 


(1934).—Yellow glasses of a composition that cuts out rays 
below 4750 to 5000 A have advantages in projectors. 
They are not blinding, especially at close range, as is the 
case with white light. The greater absorption and trans- 
mission loss is of no great consequence if the light is used 
mainly for short distances, as in port lights or in aviation 
landing fields. Se-Cd glasses are particularly suitable and 
are used now for automobile headlights. M.H. 
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Tests on volumetric glassware. NATIONAL PHYSICAL 
LABORATORY. New ed., 28 pp. London, 1934. Free. 
Reviewed in Analyst, 59, 550-51 (1934). H.H.S. 
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Annealing towers for flat drawn glass. F. A. CLemo 
(N. V. Hollandsche Mij. voor de Vervaardiging van Glas). 
Brit. 418,059, Oct. 31, 1934. 


Apparatus for: 


Aumealing glassware. W. A. Morton anp P. L. 
Geer (Amco, Inc.). U.S. 1,982,477, Nov. 27, 1934. 

Feeding molten glass. G. E. Rowe (Hartford-Em- 
pire Co.). U.S. 1,976,193, Oct. 9, 1934. 

Feeding molten glass to suction cups. W.A. Morton 
(Amco, Inc.). U.S. 1,978,645, Oct. 30, 1934. 

Forming hollow glass articles. L. D. Sovprer 
(Owens-Illinois Glass Co.). U. S. 1,981,636, Nov. 20, 
1934. 

Gathering molten glass. L. D. Souprer (Owens- 
Illinois Glass Co.). U.S. 1,978,032, Oct. 23, 1934. 

Handling bottles and jars. J. P. Benorr (Owens- 
Illinois Glass Co.). U.S. 1,981,642, Nov. 20, 1934. 

Making and refining glass. Joun Fercuson. U. S. 
1,979,609, Nov. 6, 1934. 

Packing glass sheets. ANDREW ANGELO (Libbey- 
Owens-Ford Glass Co.). U.S. 1,982,621, Dec. 4, 1934. 

Polishing glass plates or strips. PiLkIncTOoN Brots- 
ERS, Ltp., AND J. H. Grirrin. Brit. 417,870, Oct. 24, 
1934. 

Sealing laminated glass. G. B. Watkins R. W. 
Wamp.teR (Libbey-Owens-Ford Glass Co.). U. S. 
1,983,156, Dec. 4, 1934. 

Apparatus and process for heating glass furnace fore- 
hearths. Fercuson (Fairmount Glass Works). 
U. S. 1,979,610, Nov. 6, 1934. 

Automatic glass feed. C. G. HitcGENBERG ANp C. B. 
Garwoop (Carr-Lowrey Glass Co.). U. S. 1,982,253, 
Nov. 27, 1934. 

Automatic machines for treating glass bulbs such as 
electron tubes. Rocers Rapio Tuses, Lrp. Brit. 
417,667, Oct. 24, 1934. 

Bifocal lens. L. J. Kuenn. U. S. 1,982,310, Nov. 27, 
1934. 

Bottle carrier. S. W. Jonnson (Owens-Illinois Glass 
Co.). U.S. 1,981,647, Nov. 20, 1934. 

Bottle-handling mechanism. R. J. Wynne (Irving D. 
Porter). U.S. 1,981,684, Nov. 20, 1934. 

Coffee maker. F. E. Woxcorr (Silex Co.). U. S. 
1,977,365, and 1,977,366, Oct. 16, 1934. 

Coloring agents for glass batches and method of using. 
ALEXANDER SILVERMAN. U. S. 1,983,151, Dec. 4, 1934. 
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A coloring agent for a glass batch consists of the usual 
cadmium sulfide preparation and an addition thereto of 
material from a group that consists of metallic cadmium, 
cadmium selenide, and cadmium sulfo-selenide, by the use 
of which the necessity is avoided of including other re- 
ducing agents in the addition to be made to the batch in 
the glassmelting pot, the ultimate color is given to the 
glass while still in the pot, and the necessity of reheating to 
bring out the color is avoided. 

Continuous rotation glass machine. C. C. KInKER 
(Owens-Illinois Glass Co.). U. S. 1,980,343, Nov. 13, 
1934. 

Electric discharge tubes. M. Fiscner, M. Fiscuer, 
AND H. Fiscuer (Glaswerk. G. Fischer). Brit. 416,616, 
Oct. 3, 1934. 

Electric street-lighting bulb. M. B. Breck anp J. D. 
WHITTAKER (Welsbach Street Lighting Co. of America). 
U. S. 1,977,614, Oct. 23, 1934. 

Eyeglass construction. G. E. Nerney (Bay State Op- 
tical Co.). U.S. 1,981,706, Nov. 20, 1934. 

Eyeglass lens and method of making. N.M. STANn.ey. 
U. S. 1,981,815, Nov. 20, 1934. 

Feeding means for glass tube manipulating machines. 
Jaxos Dicuter. U. S. 1,981,692, Nov. 20, 1934. 

Footed glassware. H. R. Scuutz (Libbey Glass 
Mfg. Co.). U.S. 1,977,091, Oct. 16, 1934. 

Fusing method and clip in the manufacture of fused 
multifocal lens blanks. G.A.Ciemenr. U. S. 1,978,896, 
Oct. 36, 1934. 

Glass cutting machine. W. A. Locxnarr (Shuron 
Optical Co., Inc.). U.S. 1,977,135, Oct. 16, 1934. 

Glass article. I. O. PepeRsEN AND E. G. STAaSLE 
(Clarence P. Byrnes). U.S. 1,979,573, Nov. 6, 1934. 

Glass drawing tank. H. L. (Pittsburgh 
Plate Glass Co.). U.S. 1,980,992, Nov. 20, 1934. 

Glass feeder. J. W. Ross (Hazel-Atlas Glass Co.). 
U. S. 1,982,761, Dec. 4, 1934. 

Giass forming machine. I. H. Freese (Hazel-Atlas 
Glass Co.). U.S. 1,980,047, Nov. 6, 1934. 

Glass furnace. C. C. Kinxer (Owens-Illinois Glass 
Co.). U.S. 1,980,344, Nov. 13, 1934. J. E. McBurney 
(Owens-Illinois Glass Co.). U. S. 1,977,968, Oct. 23, 
1934. 

Glass gathering machinery. GARLAND Lur«Kin (Owens- 
Illinois Glass Co.). U.S. 1,977,967, Oct. 23, 1934. 

Glass-grinding machine. M. R. ScHOTTLAND. 
1,980,932, Nov. 13, 1934. 

Glass level control mechanism and method. H. W. 
McIntoss (Hartford-Empire Co.). 1,977,969, Oct. 
23, 1934. 

Glassmelting furnace. 
FLexon (Owens-Illinois Glass Co.). 
20, 1934. 

Glass molding apparatus. A. R. Berne: (Hartford- 
Empire Co.). U.S. 1,979,661, Nov. 6, 1934. 

Glass tank construction. C. S. Linper (Pittsburgh 
Plate Glass Co.). U.S. 1,976,949, Oct. 16, 1934. 

Glassware forming apparatus. G. E. Rowe (Hartford- 
Empire Co.). U.S. 1,979,211, Oct. 30, 1934. 

Glassware forming machine. R. G. ALLEN AND J. E. 
McLAvUGALIN (Owens-Illinois Glass Co.). U.S. 1,981,937, 
Nov. 27, 1934. E. H. Lorenz anp G. E. Rowe (Hart- 


U.S 


GARLAND LUFKIN AND FLoypD 
U.S. 1,981,625, Nov 
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ford-Empire Co.). U.S. 1,976,239, Oct. 9, 1934. FRANK 
O’Nemt (Owens-Illinois Glass Co.). U. S. 1,981,244, 
Nov. 20, 1934. L. D. Sousprer (Owens-Illinois Glass Co.). 
U. S. 1,977,741 and 1,977,742, Oct. 23, 1934; U. S. 
1,976,583, Oct. 9, 1934. L. D. Sousrer anp C. W. 
ScuREIBER (Owens-Illinois Glass Co.). U. S. 1,977,743, 
Oct. 23, 1934. 

Hollow transparent building block. Compacnizes R&- 
UNIES DES GLACES ET VERRES SPECIAUX DU NORD DE LA 
France. Brit. 418,355, Nov. 7, 1934. 

Laminated glass. W. L. Monro. U. S. 1,981,703, 
Nov. 20, 1934, and U. S. 1,980,970, Nov. 13, 1934. 

Laminated safety glass. J. D. Ryan anv G. B. War- 
Kins (Libbey-Owens-Ford Glass Co.). U. S. 1,976,750, 
Oct. 16, 1934. 

Leer. A. R. Berner (Hartford-Empire Co.). U. S. 
1,979,662, Nov. 6, 1934. 

Leer loader. Louis Bron (Salem Glass Works). U.S. 
1,978,780, Oct. 30, 1934. 

Lens grinding machine. U. S. 
1,981,733, Nov. 20, 1934. W.C. Priest. U. S. 1,979,- 
489, Nov. 6, 1934. 

Lens system. W.G. (Wilmot R. Evans). U.S. 
1,980,147, Nov. 6, 1934. 

Machine for forming glass articles. GARLAND LUFKIN 
(Owens-Illinois Glass Co.). U.S. 1,981,238, Nov. 20, 1934. 

Machine for forming hollow glassware. L. D. 
(Owens-Illinois Glass Co.). U. S. 1,981,637, Nov. 20, 
1934, 

Manufacture of glass vessels. Corninc GLass WorKS. 
Brit. 419,174, Nov. 21, 1934. 

Manufacture of lenses. E. Cu_ver anp G. A. G. 
Caruier. Brit. 417,726, Oct. 24, 1934. 

Manufacture of vitreous compositions with mica base. 
Soc. ANON DES MANUFACTURES DES GLACES ET PRODUITS 
CHIMIQUES DE St. Gopain, CHAuNy, ET Brit. 
418,488, Nov. 7, 1934. 

Method and apparatus for: 

Annealing glassware. W. A. Morton anv P. L. 
Geer (Amco, Inc.). U.S. 1,982,478, Nov. 27, 1934. 

Cooling glass. J. T. Litrteton (Corning Glass 
Works). U.S. 1,981,560, Nov. 20, 1934. 

Making glass cane. L. D. Sousrer (Owens-Illinois 
Glass Co.). U.S. 1,977,956, Oct. 23, 1934. 

Making pressed and blown hollow glassware. E. O. 
(Hartford-Empire Co.). U.S. 1,982,103, Nov. 
27, 1934. 

Manufacturing glassware. S. B. Bowman F. C. 
Furnt (Hazel-Atlas Glass Co.). U.S. 1,980,373, Nov. 
13, 1934. 

Manufacturing safety glass. Soc. GENERALE D’op- 
TIQUE SOC. ANON. DES ANCIENS ETABLISSEMENTS HUET 
eT Crz AND J. FLAMMARION. Brit. 416,757, Oct. 3, 1934. 
Method of chemically etching glass surfaces. H. E. 

WETHERBEE (Richard F. Grant and Benton H. Grant). 
U. S. 1,980,021, Nov. 6, 1934. 

Method of forming glass receptacles and article pro- 
duced. I. O. PeperseN anp E. G. Sranie. U. S. 
1,979,572, Nov. 6, 1934. 

Method of fusing bifocal buttons. C. G. Hagrinc 
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(Titmus Optical Co., Inc.). U. S. 1,980,401, Nov. 13, 
1934. 

Method and means for producing double-walled glass 
vessels. J. Dicutrer. Brit. 416,639, Oct. 3, 1934. 

Mold charge delivery apparatus. G. E. Rowe (Hart- 
ford-Empire Co.). U.S. 1,976,194, Oct. 9, 1934. 

Mold for lenses. J. L. Koupex (General Motors 
Corp.). U.S. 1,976,350, Oct. 9, 1934. 

Multifocal lens. H. M. E. Sacus (Robert Malcom). 
U.S. 1,980,880, Nov. 13, 1934. 

Plate glass surfacing table. Jacosn SopEeRBERG (Pitts- 
burgh Plate Glass Co.). U.S. 1,983,009, Dec. 4, 1934. 

Polishing apparatus. J. L. Drake (Libbey-Owens-Ford 
Glass Co.). U.S. 1,982,648, Dec. 4, 1934. 

Pouring bowl. F. E. Wotcorr (Silex Co.). U. S. 
1,977,367, Oct. 16, 1934. 

Process of: 

Decorating glass. A. H. Ernst (E. I. du Pont de 
Nemours and Co., Inc.). U. S. 1,977,625, Oct. 23, 
1934. 

Drawing bell and spigot type pipe. I. O. PepERSEN 
(C. P. Byrnes). U.S. 1,979,571, Nov. 6, 1934. 

Manufacturing glass and enamels. AMERICAN Por- 
asH & CHemricat Corp. Brit. 416,832, Oct. 3, 1934. 

Producing laminated glass. G. B. Watkins (Libbey- 
Owens-Ford Glass Co.). U.S. 1,982,712, Dec. 4, 1934. 

Producing safety glass. G. B. Warxins (Libbey- 
Owens-Ford Glass Co.). U. S. 1,980,510, Nov. 13, 
1934. 

Safety glass. L. V. Brack (Pittsburgh Plate Glass 
Co.). U. S. 1,976,915, Oct. 16, 1934. J. D. Ryan 
(Libbey-Owens-Ford Glass Co.). U. S. 1,976,749, Oct. 
16, 1934. J. D. Ryan anp W. J. ARNER (Libbey-Owens- 
Ford Glass Co.). U.S. 1,976,748, Oct. 16, 1934. G. B 
WarTKINS AND J. D. Ryan (Libbey-Owens-Ford Glass 
Co.). U.S. 1,976,758, Oct. 16, 1934. 

Segment locator for bifocal lenses. E. M. Lone 
(Shuron Optical Co., Inc.). U. S. 1,977,446, Oct. 16, 
1934. 

Sheet glass rolling machine. Carroit Cone (Libbey- 
Owens-Ford Glass Co.). U.S. 1,975,827, Oct. 9, 1934. 

Street lighting luminair. M.B. Beck anp J. D. Wurr- 
TAKER (Welsbach Street Lighting Co. of America). U. S. 
1,977,612 and 1,977,613, Oct. 23, 1934. 

Supporting means for glass surfacing apparatus. J. P. 
Crow .ey (Libbey-Owens-Ford Glass Co.). U.S. 1,982,- 
641, Dec. 4, 1934. 

Surfacing tool. L. L. Hanpy (Libbey-Owens-Ford 
Glass Co.). .U. S. 1,980,403, Nov. 13, 1934. 

Tempering glass sheets and other glassware. L. 
Von Rets. Brit. 416,659, Oct. 3, 1934. 

Transferring apparatus for incompletely solidified glass 
bottles. L.Lxogst. Brit. 418,743, Nov. 14, 1934. 

Ultra-violet ray transmitting glass. Kirsuzo Fuwa 
AND Fujio Suzux1 (General Electric Co.). U.S. 1,983,- 
359, Dec. 4, 1934. The method of manufacturing -glass 
capable of transmitting ultra-violet radiation comprises 
adding to the ordinary glass composition, 1 to 5% of so- 
dium fluoride and 1 to 5% of ammonium oxalate. 
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Structural Clay Products 


Brick manufacture in South Africa. F.H6. Tonind.- 
Zig., 58 (62), 747-49 (1934). .V.K. 
Concrete sewer pipe failures in Los Angeles. G. B. 
Burtnett. Brick Clay Rec., 85 [4], 124-34 (1934).— 
Investigations revealed that concrete sewer pipe in the 745- 
mile sanitary sewer system were disintegrating under the 
acid attack of sewer gas. They are being replaced with 
vitrified clay pipe. Repeal of a city ordinance permitting 
specification of cement concrete sewer pipe on an equal 
basis with vitrified clay pipe is being attempted. Illus- 
trated. See also Ceram. Abs., 14 [1], 14 (1935). E.J.V. 
Injurious effect of lime in clays and ways of preventing 
it. A. Hrevscnuer. Tonind.-Zig, 58 [57], 686-89 
(1934).—Lime present in clay changes into caustic lime 
during firing and then into calcium hydroxide. It absorbs 
moisture and increases in volume, destroying the brick. 
Means of preventing these effects are (1) a partial or total 
elimination of lime, (2) fine grinding, and (3) chemical 
ways. Details are given. M.V.K. 
Johnson “new process” of brick manufacture. ANON. 
Mech. World, 96 [2493], 340-41 (1934).—Good grade brick 
are being produced from a lime-bearing clay by an excep- 
tional plant set-up and machinery of Wm. Johnson & Sons, 
Ltd., Leeds, England. The clay is pulverized by rolls and 
then run through a rotary drier in which it breaks up into 
small pieces, and the moisture content is reduced to about 
5%. The ground clay is pressed into brick form by heavy 
toggle presses and the brick can be fired without any dry- 
ing. Illustrated. E.J.V. 
Practical clayworking. XVII. Anon. Brit. Clay- 


worker, 43 [510], 183-84 (1934).—The article describes 
the setting of intermittent kilns, kilns with updraft and 
downdraft, and continuous kilns. For Part XVI see 
this issue, p. 47. R.A.H. 
Unfired clay for building purposes. A. A. Bryuscu- 
Kow.” Russ. deut. Nachr. Wiss. Tech., No. 4, pp. 56-58 
(1932); abstracted in Chem. Zentr., i, 1233 (1934).— 
The production of water-resistant clay materials and 
hydraulic clay cements is described. M.V.K. 
Weather resistance of masonry in Europe. L.A. Pa.- 
MER. Bull. Amer. Ceram. Soc., 13 [12], 328-30 (1934) 


PATENTS 


Brick for building. R. Turner. Brit. 417,790, Oct. 
24, 1934. 

Brick wall construction. 
644, Oct. 9, 1934. 

Floor and roof construction. J. C. Orreimt. U. S. 
1,978,585, Oct. 30, 1934. 

Manufacture of brick, block, slab, tile, etc., suitable for 
building. A. F. Berry. Brit. 417,124 and 417,125, 
Oct. 10, 1934. 

Method of making cellular clay products. C.S. Marn- 
ENy (National Fireproofing Corp.). U. S. 1,980,954, 
Nov. 13, 1934. 

Process of making brick. W.M.Tutrie. U.S. 1,977,- 
868, Oct. 23, 1934. 

Tile greenhouse bench. H. T. Ritter. U. S. 1,976,- 
858, Oct. 16, 1934. 


Emme Wer. U. S. 1,976,- 


Refractories 


Apparatus for measuring thermal conductivity of re- 
fractories at high temperatures. J. L. Finck. Jour. 
Amer. Ceram. Soc., 18 [1], 6-12 (1935). 

Barium compounds as fluxes. M. A. BAERNSTEIN. 
Bull. Amer. Ceram. Soc., 13 [12], 331-33 (1934). 

Bauxite, a titanium mineral. C. V. Ind. chimique, 
21 [246], 490 (1934)—When producing alumina from 
bauxite by the Bayer method (caustic soda treatment), 
the filtrate remaining after the elimination of sodium 
aluminate contains TiO:, iron hydrates, and aluminous 
silicates. This residue, called “red mud,” contains from 
9 to 12% TiOs. M.V.K. 

Checker brick. REGENERATOR ENGINEERING Co. 
Blast Fur. Steel Plant, 22 [10], 593 (1934).—Illustrated. 

E.J.V. 

Constitution of graphitic acid and its reactions. ULricu 
HoFMANN, ALFRED FRENZEL, AND E. CsaLAn. Ann. 
Chemie, 510, 1-14 (1934); abstracted in Chem. Zentr., ii, 
2058-59 (1934).—The constitution of graphitic acid, its 
unidimensional “swelling,” and continuous transition 
into graphite are explained on the basis of chemical and 
crystal-analytical methods. M.V.K. 

Determining the thermal conductivity of ceramic re- 
fractory materials. A. Eucken. Forsh. Gebiete In- 
genieurw. Forschungheft, No. 353 (March-April, 1932); 


abstracted in Keram. i Steklo, 10 [8], 39 (1934).—E. points 
out that thermal conductivity of a ceramic body depends 
much less on the chemical composition than has been as- 
sumed. The chief factor determining the degree of ther- 
mal conductivity is the physical and crystalline structure 
of the body, in particular the quantitative proportion of 
the vitrified amorphous part of the body to that of the 
crystalline. The formula of Maxwell for calculating 
electric conductivity of bodies composed of many com- 
ponents can be used in most cases for calculating the 
thermal conductivity of ceramic bodies, although with 
some changes. Such a changed formula is given for cal- 
culating thermal conductivity of 2- and 3-component 
systems. It is necessary to (1) complete the quantitative 
data of thermal conductivity of components composing 
ceramic refractories, (2) determine exactly the quantitative 
proportion between the crystalline and amorphous parts 
of the body, and (3) determine quantitatively the porosity 
in the interior of the body. A table is given showing the 
thermal conductivity of typical refractories from 300 to 
1000°. M.V.K. 
Four-ton high-frequency furnace at the German alloy 
steelworks in Bochum. Siemens- 
Z., 14 [9], 331-32 (1934).—The most practical and eco- 
nomical frequency for large furnaces is 500 cycles/sec. 


40 Ceramic Abstracts 


The furnace described is used to produce steels alloyed 
with W, Cr, Ni, V, Mo, ete. The lining can be acid or basic 
according to requirements and is less costly than in an arc 
furnace. M.H. 

Furnace linings. Anon. Brit. Clayworker, 43 (510), 
187-88 (1934).—A discussion of furnace linings used in 
zinc smelting, iron and steel melting, and precious metal 
melting as applied to British practice is given. R.A.H. 

Grog mixes from Buskul clays. F. A. SENKOVICH. 
Ogneuporui, 1 [9], 24-29 (1933); abstracted in Chem. 
Zentr., ii, 825 (1934).—A discussion is given of the chemi- 
cal and technical properties of the clays and their suit- 
ability for the production of refractories of high quality. 

M.V.K. 

Insulating refractories. W. M. Hepsurn. Jour. 
Amer. Ceram. Soc., 18 (1], 13-17 (1935). 

Iron content of magnesite. ANON. Tonind.-Zig., 58 
[63], 755-56 (1934).—The presence of iron in magnesite is 
not injurious, as in refractory clays, and is even a valuable 
characteristic of magnesite. The lack of iron in natural 
magnesites can be partly compensated for by an artificial 
addition of iron oxide. It will never have the same effect, 
however, as that present in natural magnesites which 
contain from 4 to 8% Fe,O; after firing. Russians found 
that (1) the mechanical strength of the brick increased 
with the addition of iron ore, (2) the melting point of 
magnesite remains at over 2000 with an addition of 10% 
iron ore, (3) up to 4% iron ore does not lower the values of 
the softening under pressure, (4) the after-shrinkage values 
of bodies containing iron are lower than those of pure 
magnesite brick, and (5) the addition of iron ore was found 
to be more suitable than the addition of clay. M.V.K. 

Iron oxide eifect during grog firing. Orro Krause. 
Tonind.-Zig., 58 [67], 803-804 (1934).—K. discusses the 
supposition that the thermal dissociation of iron oxide 
during firing is the reason for the varying porosity of grog 
ware. M.V.K. 
Lining materials for tubular furnaces for firing metal- 
lurgical powders. P.S. Mamurkrn. Ogneuporui, 1 [9], 
6-9 (1933); abstracted in Chem. Zenir., ii, 2120 (1934).—M. 
discusses the studies made to determine the most suitable 
materials for lining shaft furnaces for firing magnesite. 
The requirements are (1) high refractoriness, up to 
1700°, (2) insensitivity to sudden changes of tempera- 
ture, and (3) insensitivity to chemical attack of MgO. 
Magnesite, bauxite, and grog brick are discussed with 
regard to their behavior under the conditions mentioned. 
Experimental studies with a mullite brick (49.09 SiO,, 
45.79 Al,O;, 3.84 Fe,O;, 0.68 CaO, and 0.73% MgO) 
‘are described. The brick was tested with regard to its 
refractoriness, porosity, shrinkage, and resistance to the 
attack of MgO. The results of these investigations of the 
behavior of mullite brick are discussed and compared with 
the properties of known refractories. M.V.K. 

Lining of a revolving furnace for dead-burning magne- 
site. A. I. Gouxnov. Ogneuporui, 1 [9], 4-5 (1933); 
abstracted in Chem. Zenir., ii, 1669 (1934).—The lining 
consisted of magnesite brick; the lifetime of the lining 


was unsatisfactory. The effects of the quality of mag- 
nesite brick, the manner in which they were laid, and the 
kind of material used for the inner lining of the furnace 
on the lifetime of the lining are discussed. 


M.V.K. 
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Lowering porosity of common grog ware. A. MOsER. 
Keram. Rund., 42 (38), 473-74 (1934); Tonind.-Zig., 58 
[65], 779-81 (1934).—-M. discusses a method of producing 
dense brick with an optional proportion of clay to grog. 
Details are given. M.V.K. 

Manufacture of refractories by fusion. L.D. Rev. amt. 
constr. trav. pub., No. 300, pp. 166-67B (1934).—A gen- 
eral discussion of basic methods for fusing and casting 
highly refractory materials is given. M.V.K. 

Muffies of enamel ovens. A. Jagscuke. Emailwaren- 
Ind., 11 [36], 300-301 (1934).—The chief requirements of a 
material used for muffles and the properties of grog mufflies 
are discussed in detail. The production, properties, and 
use of silicon carbide for muffles are described. Experi- 
ments with silicon carbide showed that the thermal con- 
ductivity of pure SiC is constant between 650 and 1350°. 
The thermal conductivity of SiC with a ceramic bond in- 
creases with increased temperature. With increased clay 
content it decreases. Temperature gradients in a silicon 
carbide wall increase with an increased clay content. 

M.V.K. 

Microscopic control of particle size in refractory manu- 
facture. W.L. Fapranic. Jour. Amer. Ceram. Soc., 18 
[1], 23-25 (1935). 

Physical properties of insulating brick. Water C. 
Rugecxe.. Jour. Amer. Ceram. Soc., 18 [1], 18-22 
(1935). 

Principles of heat flow in porous insulators. H. W. 
Russet... Jour. Amer. Ceram. Soc., 18 [1], 1-5 (1935). 

Problems of refractory ceramics in firing technique. 
W. Mireur. Feuerungstechnik, 22 (9), 101-105 (1934).— 
The problems of the refractory industry and requirements 
for refractory materials are analyzed. The progress 
made in the last few years is discussed. M.V.K. 

Refiring sagger bodies containing Lawrence County, 
Ohio, clay. E. F. Luewettyn anp A.S. Warts. Bull. 
Amer. Ceram. Soc., 13 [12], 327 (1934). 

Refractory cements for high, medium, and low tem- 
peratures. W. O. Lake. Sands, Clays, & Minerals, 2 
[2], 91 (1934).—The different bonding materials necessary 
for various ranges of temperature used in industries are 
discussed; it is pointed out that fire clay can not form a 
bond below 1400°C so that suitable cements to withstand 
abrasion, corrosion, chemical reaction, and high tempera- 
tures were evolved. M.H. 

Refractory facing claimed to preserve furnace linings. 
Smmmons Rerracrories. Gas Age-Rec., 74 [16], 342 
(1934).—‘‘Fire Drake’’ is a monolithic lining having the 
same coefficient of expansion as fire brick and affording 
protection up to a maximum of 3000°F under drastic 
temperature changes. E.J.V. 

Refractory materials for blast furnaces. II. A. B. 
SEARLE. Blast Fur. Steel Plant, 22 [10], 600-601 (1934).— 
Wear and tear on brick in the upper part of some blast 
furnaces may be caused by (1) abrasion of the lining due to 
the impact of pieces charged into the furnace; (2) the at- 
tack of carbon dioxide and other reactive substances«in the 
furnace gases on refractory materials in the upper zones; 
(3) the tendency of volatile metals, such as zinc, lead, etc., 
to become oxidized in the upper zones and to form fluxes 
which rapidly corrode porous brick but exert a much feebler 
action on dense brick. In comparing brick by different 
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manufacturers for resistance to corrosion, neither the 
porosity nor the permeability are wholly reliable guides. 
For the top zone of a blast furnace high refractoriness is 
not essential. For Part I see Ceram. Abs., 14 [1], 16 
(1935). E.J.V. 
Refractory materials for thermal sublimation of phos- 
phorus from phosphate rock. P.P. Bupnixorr. Khim- 
strot, 6 [6], 341-43 (1934)—Thermal sublimation of 
phosphorus from phosphate rock takes place in a shaft 
kiln of the blast-furnace type. Investigations were made 
on the influence of phosphoric acid vapors, phosphate 
rock, and a mixture of phosphate rock with coke on differ- 
ent refractory materials. A Didier electric cryptol furnace 
was used, where cubic samples of the refractories with a 
hole filled up with phosphate rock alone or mixed with coke 
were heated at 1500°C for 2and4hr. Refractories with a 
high alumina content (up to 43%) showed highest re- 
sistivity. Data obtained showing minimal requirements 
of refractories adaptable for different parts of the furnace 
used for sublimation of phosphorus are shown in a table. 
P.P.B. 
Significance of sagger grog. B. Keram. Rund., 42 
[22], 273-74 (1934)—A general discussion is given of 
properties required from saggers and those of raw ma- 
terials used for them; the working of raw materials is 
discussed. M.V.K. 
Sinter corundum products. Siemens & HALSKE. 
Siemens-Z., 14 [7], 255-56 (1934).—Sinter corundum is an 
almost pure (99.7%) Al,O;; the corundum crystals are 
grown together without a base of glass and form a very 
tough, pore-free structure. It is gas-tight up to 1720°C, 
and the softening point lies at 1730° under 2 kg./cm.? 
pressure. It is practically resistant to boiling 10% and 
30% NaOH or to water-vapor under 150 atmospheres 
pressure (24 hr. test). It can be used for crucibles to 
melt Na;O:, NaOH, NazCOs;, metals, alloys, and glass. It 
is not attacked by HF and H;P;,0,. Apparatus and 
parts of machinery made of it are illustrated. Owing to 
its great hardness (9 in Mohs’ scale) mortars, stamps, 
grinding balls, etc., are made of it. M.H. 
Synthesis of spinels and their significance for the re- 
fractory industry. P. I. Juprnson, Cu. S. NrkocossrAn, 
AND N. A. DILAKTORSKI. Ogneuporui, 1 [1], 33-35 (1933); 
abstracted in Chem. Zentr., i, 591-92 (1934).—The manu- 
facture of spinel from natural raw materials was investi- 
gated, especially the production of refractory materials 
with as high an MgO-Al,O; content as possible. Samples 
containing corundum and magnesite showed that pure 
spinel is produced when melting corundum and magnesite 
together. Further experiments were made with raw 
materials rich in alumina, such as nepheline, refractory 
clays, and bauxite. It was possibie to obtain homogeneous 
melts with magnesite and the first two materials when 
firing between 1500° and 1800°; after cooling, the mixtures 
contained various amounts of spinel (32 to 36%), forsterite, 
2MgO:SiO, (60 to 66%), and glass (3 to8%). Melts with 
bauxite were satisfactory; they are not usable, however, 
on account of their reduced iron content (from bauxite). 
The experiments show that refractory materials having a 
spinel character may be easily manufactured according to 
this method. M.V.K. 
Talc rock as lining material for sintering zone of re- 
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volving furnaces. A. M. Pater. Ogneuporui, 1 (2-3), 
36-37 (1933); abstracted in Chem. Zenir., i, 914 (1934).— 
Tale rock containing 31.4 SiO,, 2.5 AlyOs, 6.0 FeyO,, 1.1 
CaO, 34.8 MgO, and 0.3% SO; was shown to be valuable in 
cement revolving furnaces. The brick were fired in a grog 
furnace; their life period amounted to 61 operating days 
in comparison with only 20 days for brick of other com- 
positions. M.V.K. 

Testing methods for refractory materials. ANoN. 
Tonind.-Zig., 58 [75], 920 (1934).—A project for new 
specifications for testing refractory mortars and stamped 
bodies deals with (1) slip and sifting analysis, (2) testing of 
the melting of prisms, and (3) refractoriness under load of 
the cement binding between the brick. M.V.K. 

Variations in alumina-silica ratio in fused refractory 
materials and their effect on resistance to metal oxides. 
CHARLES McCMULLEN, A. A. TURNER, AND G. J. EASTER. 
Jour. Amer. Ceram. Soc., 18 [1], 30-33 (1935). 


BULLETIN 


Cupola refractories. Anon. Nat. Bur. Stand. Sim- 
plified Practice Recommendation, R-154-34. 16pp. Price 
5¢. Effective date, March 15, 1934. The cupola lining 
blocks included in the recommendation are identical with 
those advocated by the American Refractories Institute, 
while the sizes and shapes of tap-out and slag-hole blocks 
suggested were arrived at through an analysis of those most 
commonly used at the present time; 10 cupola block sizes, 
10 tap-out block sizes, and 2 slag-hole block sizes are given. 

R.A.H. 


PATENTS 


Cellular clay insulation for metallurgical apparatus. 
C. E. AND J. D. Sutirvan (Battelle Memorial 
Institute). U.S. 1,982,490, Nov. 27, 1934. 

Checkerwork. A. A. Craassen. U. S. 19,388, Dec. 
4, 1934 (reissue). 

Compound refractory brick for making furnaces. 
Hernricn Koprers A.-G. Ger. 597,392, May 24, 1934. 
The side exposed to’the furnace heat is made of a dense 
refractory composition free from or poor in clay. The side 
exposed to the outer atmosphere is made of a porous re- 
fractory composition containing a little asbestos. Prefer- 
ably both compositions are prepared from the same re- 
fractory material, ¢.g., sillimanite. (C.A.) 

Furnace wall. E. G. Bamey (Fuller Lehigh Co.) 
U. S. 1,982,623, Dec. 4, 1934. 

Furnace wall structure. W.F. Keenan, JR., AnD W. H. 
Harpre (Foster Wheeler Corp.). U. S. 1,981,648, Nov. 
20, 1934. 

Lining anchor. 
(Plibrico Jointless Firebrick Co.). 
1934. 

Manufacture of pressure molded refractory articles. 
A. L. J. Quengav. U. S. 1,975,800, Oct. 9, 1934. In 
drying pressure-molded articles comprised of plastic 
refractories by circulating air thereover at slowly rising 
temperatures, the method of facilitating and/or accelerat- 
ing the removal of moisture from the article comprises 
surfacing the article with hygroscopic salts. 

Processes of manufacturing silicon carbide refractories 


J. E. ANDERSON AND C. W. DuNLAP 
U. S. 1,975,759, Oct. 9, 
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and products thereof. Carsorunpum Co., Ltp. Brit. 
419,214, Nov. 21, 1934. 
Process for preparing alumina poor in silicic acid from 
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alkaline earth aluminates. Joser U. S. 1,978,- 
823, Oct. 30, 1934. 
Refractory regenerator brick. J. E. MacDona.vp. 


U. S. 1,976,575, Oct. 9, 1934. 


Terra Cotta 


Acid-proof masonry construction. RicHarp B. SHERI- 
DAN. Chem. Met. Eng., 41 [10], 535-36 (1934).—The 
difficulties encountered in the applications of acid-proof 
masonry in the process industries are mechanical rather 
than chemical. Properly selected chemical brick and acid- 
proof cement resist practically all chemicals. Important 
exceptions are strong alkalis and fluorine compounds. 
Details are given regarding the installation and construc- 
tion of acid-proof masonry. The selection of a bonding 
material is of great importance. Mixtures of silicate of 
soda and silex are the best known forms of acid-proof 
cements. A.K. 

Acid-stable brick. Ropert J. Sprechsaal, 
67 [37], 557-58 (1934).—The properties required from 
acid-stable ceramic materials, factors affecting these 
properties, and the manufacture of acid-stable brick are 
discussed. M.V.K. 

Acid-stable concrete pickling bath. L.K6cr.. Email- 
waren-Ind., 11 [36], 297-99 (1934).—K. describes large 
concrete tanks with ceramic acid-stable linings for pickling 
raw ware. The characteristics of acid-stable ceramic 
brick, plates, and cements are discussed. M.V.K. 

Ceramic tile. ArtHur D. Pickett. Keram. Tile 
Jour., 6 {9], 15 (1934).—P. discusses the opportunities 
afforded by ceramic tile for producing high quality archi- 
tectural design at low cost. M.C.S. 

Diaphragm pumps for corrosive liquids. FRANz GER- 
maRDT. Eng. Progress, 15 [9], 192 (1934).—A diaphragm 
pump composed of stoneware and rubber is described for 
moving acids, solutions of metal salts, and other corrosive 
liquids. Small twin pumps of this type when driven by 
motor have a capacity of 1100 imp. gal./hr. Larger ones 
can attain pressures of 12 atmospheres (170 Ib./sq. in.). 
Illustrated. J.L.G. 

Flaws in the glaze of grog tile. J. Micner. Keram. 
Rund., 42 [38], 471-73 (1934).—Factors influencing the 
cracking of the glaze of grog tile, such as the chemical 
and mineralogical composition of the mix and of the 
engobe or glaze, structure, grain size, etc., are discussed. 
Various glazes are analyzed. M.V.K. 

Floor tile manufacture. Atrix CoRNILLE. Rev. mat. 
constr. trav. pub., No. 299, pp. 146-49B; No. 300, pp. 160- 
63B (1934).—Analyses of various French clays and mixes 
used in the manufacture of floor tile are given. M.V.K. 


Glazed tile for kitchen displays. J. D. Mactray. 
Keram. Tile Jour., 6 [10], 6 (1934).—The Electric Insti- 
tute of Washington, D. C., and the Tile Manufacturers 
Association coéperated in constructing two exhibition 
kitchens. In one kitchen two shades of medium green, 
mat-glazed tile were used while in the other jet black tile, 
alternating glossy and dull squares, were used. M.C.S. 

Heat-resisting ceramic. U. S. Sroneware Co. 
Plater’s Guide, 30 [10], 13 (1934); Metal Cleaning & Finish- 
ing, 6 [10], 533 (1934).—Acitherm heat-resisting and acid- 
proof stoneware is a composition about halfway between 
chemical stoneware and fused silica ware. It has an ulti- 
mate tensil estrength of about 8000 Ib./sq. in. ultimate 
compressive strength of 118,000 Ib./sq. in., modulus 
of rupture of 14,000 Ib./sq. in. It is made in two grades, 
one having a thermal conductivity of 7.5 B.t.u./sq. ft./°F/- 
ft./hr., the other grade having a thermal conductivity 
about twice as high. E.J.V. 

Standardization of tests for terra cotta bodies and glazes. 
R. L. Crarg. Bull. Amer. Ceram. Soc., 13 [12], 333 
(1934). 

Stoneware with a salt glaze. R.Kuasse. Ogneuporui, 
1 [2-3], 43-46 (1933); abstracted in Chem. Zentr., i, 
588 (1933)——Not all clays are suitable for salt glazes. 
Schematic recipes according to analysis values are pur- 
poseless because practical experiments only are decisive. 
Usually, various clays should be mixed to obtain a satisfac- 
tory product. M.V.K. 

Tile and its competitors. Herman C. MUELLER. 
Keram. Tile Jour., 6 [9], 6 (1934).—M. emphasizes the 
importance of supplying the proper grade of tile for 
each installation. M.C.S. 


PATENTS 


Anchor for brick, tile, etc. W1LL1AM CEDERHOLM AND 
C. G. Jounson. U. S. 1,975,769, Oct. 9, 1934. 

Process for manufacturing hollow building plates from 
ceramic material HeRMANN Harxort. U. S. 1,980,- 
270, Nov. 13, 1934. 

Roof tile. JoHN FERREIRA AND ANTONIO DA COSTA. 
U. S. 1,982,206, Nov. 27, 1934. 

Self-watering flower vessel. H. D. Knexier. U. S. 
1,977,827, Oct. 23, 1934. ‘ 


Whiteware 


Cast bodies. A. Leroux. Sprechsaal, 67 [39], 589- 400 dozens of pieces per hour. 


91; [40], 605-606 (1934).—The effect of faulty slip con- 
sistency defects in pottery, and determination of the 
specific gravity of the slip are discussed in detail. 
M.V.K. 
Continuous spraying of pottery. J.A. Bower. Ceram. 
Ind., 23 [5], 255-56 (1934).—With a continuous spraying 
device installed at Taylor, Smith & Taylor Co., Chester, 
W. Va., four girls and one man turn out approximately 


“Curtains” and drying 
mangles are eliminated, the glaze is applied in a thin even 
coating, and a smooth surface is obtained in firing. Four 
spray guns set at fixed angles satisfactorily cover all ware 
sent through the device. The glaze feeding system permits 
no lumps or large particles to get through to the spray guns. 
Details of construction and operation are given. Illus- 
trated. E.J.V. 
Electrical resistance of ceramic diaphragms. Hans 


a 
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Kolloid-Z., 67 [1], 93-102 (1934).—This 
work was initiated to establish the functional relation 
between the porous properties and the electrical resistance 
of ceramic materials. Experimental procedure, cal- 
culations, tables, and graphs are given. Relations were 
established between the three porous indexes (width of 
pores, number of pores or porosity, and length of pores) 
and the electrical resistance of ceramic diaphragms. It 
was found that electrical resistance is inversely propor- 
tional to the porosity, directly proportional to the length 
of the pores, and independent of the breadth of the indi- 
vidual pores. AK. 

Limitations of pottery materials. Joun ADAMS AND 
Percy Cooper. Pottery Gaz., 59 [689], 1335-44 (1934).— 
A discussion of the limitations of pottery materials by 
representatives of manufacturers of art pottery and of 
mass producers of electrical porcelain is presented. Due 
to the different methods used by the two types of potters 
the limitations are not always the same. E.J.V. 

Particle-size distribution in ground ceramic raw ma- 
terials. HermMANN F. Viewec. Jour. Amer. Ceram. 
Soc., 18 [1], 25-29 (1935.) 

Spoiling of fine ceramic bodies. T.H.Trves. Keram. 
Rund., 42 [39], 483-85 (1934).—The spoiling of ceramic 
bodies by iron and silicon carbide is discussed, including 
(1) impurity of raw materials and (2) spoiling during work- 
ing (grinding, firing). The removal of impurities by 
means of magnetic treatment and sifting are dealt with. 

M.V.K. 

Steatite, Frequenta, and Magnesolite, ceramic insulating 
materials for high-frequency and electro-heat techniques. 
E. Arpers. Eng. Progress, 15 [8], 157-60 (1934); 
see also Ceram. Abs., 13 [1], 16; [10], 267 (1934); 
14 [1], 18 (1935). J.L.G. 

Tooth substitute from ceramic materials. A. Brrc. 
Keram. Rund., 42 [25], 305-306 (1934).—B. discusses 
the manufacture of porcelain-like teeth. M.V.K. 


Equipment and Apparatus 
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Attachment for insulators. W. L. Srinson (Jeffery 
Dewitt Insulator Co.). U.S. 1,976,418, Oct. 9, 1934. 

Bushing insulator. A. O. Austin (Ohio Brass Co.). 
U. S. 1,983,335, Dec. 4, 1934. W. A. Hit_esRanp (Ohio 
Brass Co.). U.S. 1,983,370, Dec. 4, 1934. 

Bushing means. J. C. Datey anp Epwin Gopparp 
(Jefferson Electric Co.). U.S. 1,983,347, Dec. 4, 1934. 

Combination closet and flush tank. C. E. Turner, 
J. R. Beam, ann W. K. McAreg (Universal Sanitary 
Manufacturing Co.). U.S. 1,983,419, Dec. 4, 1934. 

Fitting for strain insulators. W. A. HILLesRAND AND 
A. M. Morris (Ohio Brass Co.). U. S. 1,983,369, Dec. 
4, 1934. 

Insulator. A. O. Austin (Ohio Brass Co.). U. S. 
1,981,717, Nov. 20, 1934, and U. S. 1,979,092, Oct. 30, 
1934. 

Jet closet. R. M. Russe.t (Universal Sanitary Mfg. 
Co.). U.S. 1,983,404, Dec. 4, 1934. 

Pothead. A. O. Austin (Ohio Brass Co.). 
1,983,336, Dec. 4, 1934. 

Silencing means for flushing rims. C. J. Kon_er anp 
G. P. Gavin. U.S. 1,977,797, Oct. 23, 1934. 

Spark plug porcelain. H.M. Brewster. U. S. 1,980,- 
182, Nov. 13, 1934. 

Temperature control for oil filled bushings. W. A. 
HILLEBRAND (Ohio Brass Co.). U.S. 1,983,371, Dec. 4, 
1934. 

Ventilated toilet. J. H. Errer. 
6, 1934. 

Water-closet bowl. C. H. ZwermMann, HeELene Zwer- 
MANN, AND C. H. ZWERMANN, JR. U. S. 1,981,020, 
Nov. 20, 1934. 


U. S. 


U. S. 1,979,736, Nov. 
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Accelerating the drying process. W.FrEporov. Ogneu- 
porui, 2 [8], 33-34 (1934)—To accelerate the drying 
process of ceramic ware molded by the plastic method, F. 
proposes to mold the mass in a heated condition (50 to 60°), 
thus lowering the viscosity of the water, taking into con- 
sideration that the rate of drying is inversely proportional 
to the viscosity of water. P.P.B. 

Adjustable and fixed-setting thermostat controls. 
GENERAL Evectrric Co., Lrp. Jour. Sci. Instruments, 
11 [9], 299-301 (1934).—Two bimetallic thermostats are 
described and illustrated. J.L.G. 

Autographic thermal expansion apparatus. WILMER 
SoupeR, PeTreR HIDNERT, AND JAMES FULTON Fox. 
Jour. Research Nat. Bur. Stand., 13 [4], 497-513 (1934); 
R.P. 722. Price 5¢—This paper describes an autographic 
thermal expansion apparatus improved and constructed 
by the National Bureau of Standards and indicates the 
methods used in its calibration and comparison with the 
Bureau’s precision apparatus. The autographic expan- 
sion apparatus employs the optical lever method of meas- 
uring expansion and is suitable for many purposes in 


commercial laboratories. Continuous expansion curves 
can be obtained photographically or they can be observed 
during the progress of the test. Coefficients of expansion 
can be determined from these curves. Transformation 
regions, if present, can also be located. For ordinary 
materials, such as steel, the error of the autographic 
expansion apparatus is about 6% for the range from 20 to 
100°C and about 3% for the range from 20 to 500°C 
This apparatus does not give as accurate results as the 
fused quartz tube expansion apparatus which was also 
designed at the Bureau for use in commercial laboratories. 
The autographic expansion apparatus yields certain in- 
formation in regard to transformation regions not readily 
obtainable by the other type of apparatus. R.A.H. 
“Bone dry” clay product. Ernest W. Knapp. Brick 
Clay Rec., 85 [4], 122-23 (1934).—Tests made in drying 
electrical porcelain blocks at various temperatures showed 
that the dryness of a clay shape has no meaning unless an 
exact temperature is specified for its determination. 
“Bone dry” blocks which proved defective after firing 
were actually being steamed in the early stages of firing 
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because of being sealed into impervious saggers with wad 
clay. Venting the saggers overcame the difficulty. Con- 
duits made of a laminating clay were dried satisfactorily 
at low temperatures, with controlled high velocity air cir- 
culation and controlled humidity. The cars in the drier 
‘were kept moving at all times. In drying de-aired clay- 
ware, adjustments must be made in drying controls to take 
care of the increased density of the product. E.J.V. 
Bucket chain loader on caterpillar tracks. R. As- 
BRANDT. Eng. Progress, 15 (8), 156 (1934).—A traveling 
bucket chain loader of 2500 cu. ft. capacity per hour is 
described and illustrated. J.L.G. 
Cell for refractivity measurements on minute crystals. 
F. I. G. Rawiins anp C. W. Hawgxsiey. Jour. Sci. 
Instruments, 11 [9], 282-84 (1934).—An inexpensive glass 
cell designed to aid in the determination of the indices of 
refraction of small crystals (perhaps 0.2 mm. in greatest 
dimension) of biaxial minerals is described. Small sodium 
discharge tubes are recommended as sources of illumina- 
tion for accurate determinations. Illustrated. J.L.G. 
Comparison between pipette method and hydrometer 
method for making mechanical analyses of soil. G. J. 
Bovyoucos. Soil Sci., 38 [5], 335-47 (1934).—What the 
pipette method determines as coarse clay (0.005 mm.) the 
hydrometer would determine at the end of one hour, and 
what the pipette method determines as fine clay 
(0.002 mm.) the hydrometer would determine at the end 
of 2hr. The two methods agree on the determination of 
the coarser clay (0.005 mm.), but do not agree on deter- 
minations of fine clay on some soils. The disagreement 
seems to be caused by differences in dispersion. A new 
stirrer was devised having a replaceable, hard-steel paddle. 
The hydrometer has many advantages over all othe 
methods. G.R.S, 
Compressed air-stamping method in the refractory 
industry. OswaLtp Orr. Tonind.-Zig., 58 [69], 833- 
35 (1934).—Details are given of an installation for stamp- 
ing grog brick with compressed air. Illustrated. M.V.K. 
Crushing and grinding; can the existing machinery be 
considerably improved? W. F. Carey. Mech. World, 
96 [2496], 413-15 (1934); Chem. Age, 31 [798], 327-28 
(1934).—The low energy efficiency of crushing and grinding 
machines points to scope for improvement. Values shown 
in the table below indicate that industrial crushing re- 
quires about 100 times as much energy as is theoretically 
necessary. Different methods of applying the load, e.g., 
impact or shear, etc., make little difference in the results. 
To crush only the largest particles will lead to the mini- 
mum expenditure of power, since in other methods of 
crushing there is over-grinding and greater consumption 
of power. It is claimed that over-grinding accounts for 
the enormous difference between the 30 kw.-hr./ton re- 
quired in practice, and the 0.3 kw.-hr./ton required by 


the theoretical perfect pulverizer. 
Crushing Constants for Various Materials 
Kw.-hr. /ton Kw.-hr. /ton 
Material for RR = 10 Material for RR = 10 
Feldspar 0.354 Cement clinker 0.108 
Black oxide 0.0185 Carbide 0.280 
Flint 0.138 Coal 0.05 
Limespar 0.144 Anhydrite 0.15 
Calcined bones 0.0076 
A.K. 


Ceramic Abstracts 


Vol. 14, No. 2 


Degasifying ceramic plastic mixes. A. CouULHON. 
Rev. mat. constr. trav. pub., No. 299, pp. 141-45B (1934).— 
The effect of occluded air and gases in ceramic mixes is 
discussed and apparatus used for eliminating them are 
described. M.V.K. 

Direct reading volumenometer for determining the 
real volume and specific gravity of porous bodies. C. H. 
Sprers. Jour. Sct. Instruments, 11 [7], 216-18 (1934).— 
The instrument has two parts. When the test specimen 
is introduced into one the volume of the other is adjusted 
by mercury. The volume of mercury which must be 
introduced into one part when the specimen is placed in 
the other, in order to maintain the equality of volume, 
gives the real volume of the test specimen. Materials 
used in the construction are one glass-stoppered burette 
graduated to 0.1 mi., one weighing bottle, two accurate 
10-ml. pipettes, two glass stopcocks, rubber tubing, a level- 
ing bulb,and mercury. The assembly and operation of the 
apparatus are illustrated by diagram. The factors govern- 
ing the accuracy of the determinations are discussed. 
Some results are as follows: 


Volume Determinations 


Water 
Material immersion Volumenometer 

(ce.) (ce.) 
Glass plate I 7.25 7.26 
Glass plate II 4.73 4.80 
Porous tile 3.92 3.91 
Brick 5.79 5.82 
Refractory I 6.73 6.75 
Refractory II 8.33 8.35 

J.L.G. 


Dragline cable excavators in lignite mining. O. GoLp. 
Eng. Progress, 15 [9], 177-79 (1934).—New designs of the 
cable excavator and the economy of their application are 
described and illustrated. J.L.G. 

Electric exhaust fans. J. Dummetow. Elec. Rev., 
115 [2966], 403 (1934). —Exhaust fans for different uses are 
described and illustrated. J.L.G. 

Electrically operated excavators. Rustron-Bucyruvs, 
Ltp:, AND RANSOMES AND Rapier, Ltp. Elec. Rev., 115 
[2966], 400 (1934).—The R.-B. machine described was 
built for the Marston Valley Brick Co. (England) to deal 
with an output of five to six million brick weekly. 

J.L.G. 

Furnishing a works laboratory for inorganic analysis. 
A. L. Curtis. Sands, Clays, & Minerals, 2 [2], 53-60 
(1934).—C. describes layout of laboratory, equipment, 
and apparatus for general inorganic work. M.H. 

Indicating time-cycle temperature controller. Ne- 
GRETTI AND ZAMBRA. Jour. Sci. Instruments, 11 [9], 298 
(1934).—The controller, suitable for use either with ther- 
mocouple or electrical resistance thermometer, will operate 
1, 2, or 3 mercury switches. Illustrated. J.L.G. 

Installation of exhaust fans. Joun Dummetow. Elec. 
Rev., 115 .[2968], 472 (1934).—Illustrated. J.L.G. 

Lead as protection from X-rays. J. MAnuL. Aciers 
spéciaux, 9 [105], 145-51 (1934).—Comparative figures 
on the thickness of walls of chambers where X-rays 
are produced are given to obtain protection with different 
materials. The absorption for X-rays of steel, concrete, 
granite and clinker concrete, and brick, and equivalent 
thicknesses for lead are given. M.H. 

Metal-to-silica joints and vacuum seals. S. D. D. 
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Morris. Jour. Sci. Instruments, 11 [7], 232-33 (1934).— 
A metal-to-silica joint and a vacuum seal which will with- 
stand heating to 200°C or immersion in liquid nitrogen 
(—196°C) are described. Construction of a vacuum seal 
is described in detail. J.L.G. 
Microscope illuminator. James Swirt anp Son, Ltp. 
Jour. Sci. Instruments, 11 [9], 299 (1934).—An illuminator 
which gives a dark ground effect and which is capable of 
attachment to any microscope object’ve is described. 
Illustrated. J.L.G. 
Optical dilatometer of Bollenrath. W.Kocn. Metail- 
wirtschaft, 13 [39], 671-72 (1934).—Improvement of the 
instrument with furnace arrangemert and tests made with 
it to determine expansion curves are described. M.H. 
Outside spray booths. A. L. Newcoms, B. C. Garp- 
NER, AND H. S. Wiiitson. Ind. Finishing, 10 [11], 12-14 
(1934).—The article consists of three letters. Illus- 
trated. J.L.G. 
Portable microscope. J. N. McArtHur. Jour. Roy. 
Microscop. Soc., 54 [3], 182-86 (1934)—A description 
is given of a portable microscope which is quicker and 
simpler to use than the conventional model, but has every 
refinement which might be required in a large laboratory 
instrument. Illustrated with diagrams. G.RS. 
Pressure testing machines. F W. Preston. Glass 
Ind., 15 [10], 252 (1934).—P. describes a new pressure 
testing machine developed to assure suitable testing of 
bottles for acceptance or rejection by the pressure test 
method. This machine effects such a test with precision 
and with ease and convenience in operation. The pressure 
is developed in the bottle itself by a plunger loaded with 
weights. Illustrated. E.j.V. 
Quick determination of specific weight of silica brick. 
A. N. SHTSHUKAREW AND W. D. ZIEGLER. Ogneuporui, 2 
[8], 20-22 (1934).—A new method based on the hydraulic 
law of loss of weight of bodies immersed in a liquid is pro- 
posed. A specially adapted Moor-Westphal balance and 
xylol are used. The whole operation takes 15 to 20 
minutes. P.P.B. 
Raw materials in ceramics. Franco. Verre & 
Silicates Ind., 5 [10], 186-90 (1934).—F. discusses (1) capa- 
bility of liquefaction of mixes under the action of elec- 
trolytes, (2) viscosity, (3) firing tests to determine color, 
contraction and dilatation, softening, and fusion, and (4) 
porosity. Devices used in these examinations are briefly 
described. Illustrated. For previous articles see Ceram. 
Abs., 12 [10-11], 384 (1933). M.V.K. 
Reflectometer and color comparator. Ricnarp S. 
HunTER. Amer. Enameler, 7 [6], 4 (1934)—The me- 
chanics of the reflectometer and color comparator, its use 
in matching second- and third-coat ware, and a descrip- 
tion of the method employed are given. K.H.T. 
Relationship between temperature and tension of 
platinum-rhodium thermoelements. T. A. Popova. 
Zhur. tekh. Fisiki, 3, 203-205 (1933); abstracted in Chem. 
Zentr., i, 2454 (1934).—A formula is developed permitting 
the calculation of Pt-Rh thermoelements with regard 
to temperature and tension in the range between 0 to 
1600°. M.V.K. 
Resistance viscosimeter for ceramic cast bodies and 
cement raw pastes. K. ENpEett AND H. FENpIvs. 
Keram. Rund., 42 (37), 459-61 (1934).—A new resistance 
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viscosimeter is described, and experiments with it for de- 
termining viscosity of clay and kaolin slips and cement 
slurries are discussed. M.V.K. 
Scientific instruments as applied to porcelain enamel 
research. Pemco Amer. Enameler, 7 
[6], 3 (1934).—The interferometer, spectroscope, X-ray, 
petrographic and metallographic microscope, glass vis- 
cosimeter, electrodialysis cell, and reflectometer are 
described briefly and their use in porcelain enamel 
research is discussed. Difficulties encountered in the 
application of the principle of the pure sciences to enamel 
investigation are mentioned. K.H.T. 
Surface testing by mew method. A. Kurrerarn. 
Oberflichentechnik, 21 [19], 211-13 (1934).—A microscope 
for comparing a highly polished surface with a standard 
surface is described which can be placed directly on the 
surface to be examined. It is explained how quality of 
welds, formation of cracks, fibers, and lacquered surfaces 
can be easily observed. M.H. 
Testing brick with small test pieces. O. Drdcsier. 
Tonind.-Ztg., 58 [74], 904-906 (1934).—Experiments with 
an apparatus of Michaelis using small pieces to determine 
transverse strength of brick give a complete picture as to 
the behavior of the whole brick. Details are given. 
M.V.K. 
Treatise on the thermometer. Joacnuim p’ALEeNc#&. 
Translated by Earl H. Brown and Adrienne C. Brown. 
Bull. Amer. Ceram. Soc., 13 [12], 335-39 (1934). 
Vacuum brick press. Kari & Séune. Eng. 
Progress, 15 [8], 162 (1934).—A brick extruding press with 
a vacuum chamber for de-airing the extruded material is 
described. The material is forced through a perforated 
plate to enter the vacuum chamber in thin spaghetti- 
shaped strings. From the vacuum chamber, the de-aired 
material is fed by a screw to the press cylinder whence it 
goes into the press head and out through the delivery 
nose. Illustrated. J.L.G. 
Weissenberg reciprocal lattice projection and technique 
of interpreting Weissenberg photographs. M. J. Burcer. 
Z. Krist., 88 [5-6], 356-80 (1934).—The form of the 
reciprocal lattice line curves on Weissenberg photographs 
is derived for two cases: (1) X-ray beam inclined 8 = 
to the rotation axis. The form of the curves is the same for 
all layer lines. A curve-form template can therefore be 
constructed with the aid of which the reciprocal lattice 
lines may be sketched in on any Weissenberg photograph. 
Data are given for the cuastruction of such a template, 
and a template is reproduced for use with any instrument 
for which the camera circumference is equal to the trans- 
lation equivalent of a 360° crystal rotation. The use of 
the template in indexing a film is discussed. For this 
beam inclination all central lattice lines appear on the 
photograph as straight lines. This allows a very simple 
method of reconstructing the reciprocal lattice point by 
point, when necessary. Appropriate tables, scales, and 
apparatus for this purpose are given. The most con- 
venient design of Weissenberg Réntgen goniometer for 
making use of an inclined beam is discussed. (2) X-ray 
beam normal to the rotation axis. The form of the 
reciprocal lattice curves varies with the { codrdinate of the 
larger line being analyzed. No simple curve-form tem- 
plate can be used for sketching in the reciprocal lattice 
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lines on the photograph. Central lattice lines appear as 
curves on photographs taken with normal beam. 
G.RS. 
What about Diesels? O:iver ALLEN. Factory 
Management & Maintenance, 92 [7], 308-309 (1934).—The 
types of oil engines are considered with respect to speed, 
weight per horse power, and advantages and disadvantages 
as compared with other sources of power. A table of fac- 
tors to be studied when considering oil-engine power is 
given. The main subjects considered are space, local 
conditions, fuel, labor, power requirements, power trans- 
mission, heat balance, the engine, and economic aspects. 
Illustrated. J.L.G. 
World’s hardest man-made material. Raymonp R. 
Ripceway. Ceram. Ind., 23 [5], 249 (1934).—Boron car- 
bide is unaffected by the strongest acids and alkalis, has a 
compressive strength of 260,000 Ib./sq. in. and a co- 
efficient of expansion approximately two-thirds that of 
steel, is little affected by temperatures up to 1000°C, and 
is lighter than aluminum. Because of the high intrinsic 
hardness of boron carbide it is applicable for uses where 
gem materials have formerly been necessary, such as fine 
extrusion dies, and has been found almost impossible to 
wear out in sandblast nozzles. E.J.V. 
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Gas Producers in the Ceramic Industry. D. B. Grnz- 
BURG. Edited by K. I. Sharashkin. Series of textbooks 
for technical minimum (Tekhminimum) State Sci.-Tech. 
Pub. House of Bldg. Industry and Shipbldg., Moscow and 
Leningrad, 1933. 190 pp. Price 2 R 15 k.—This text- 
book covers (1) fuels, their composition and properties, 
(2) process of gasification, (3) conditions for gasification of 
different fuels, (4) different types of gas producers, (5) gas- 
producer plants, their equipment, work, and control, (6) 
the use of producer gas in the refractory industry, gas 
holders, heat balance and coefficient of utilization, and 
safety measures. Well-reproduced illustrations on good 
paper are a feature of thisreadable book. S. I. PERKAL 

Machinery and Apparatus of the Silicate Industry. 
Z. B. Kantorovicn. State Machine and Metallurgical 
Pub. House, Moscow and Leningrad, 1934. 180 pp., 
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114 figs. Price 2R 25 k.—An outline of the theory and 
calculations involved in the making of crushing and grind- 
ing machinery and revolving screens is presented. This 
book is the first part of a larger course on ‘‘Machinery and 
Apparatus of the Silicate Industry” given by the author 
during the last three years at the Moscow Institute of 
Silicates and Building Materials. The book is well illus- 
trated and is a fundamental and valuable contribution on 
the subject. S. I. PeRKAL 
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Apparatus for manufacturing pottery ware. F. H. 
SEBRING, JR., L. C. Loscuxy, anp J. T. Pucs (Frank H. 
Sebring, Jr.). U.S. 1,977,699, Oct. 23, 1934. 

Clay working machine. K. R. Forry (Manufacturers 
Equipment Co.). U.S. 1,981,265, Nov. 20, 1934. R. T. 
Voris (Manufacturers Equipment Co.). U. S. 1,981,257, 
Nov. 20, 1934. 

Former head. McCurnrockx (Pacific Clay 
Products Co.). U.S. 1,978,470, Oct. 30, 1934. 

Glazing machine. A. H. VAUGHAN AND R. C. OysTEeR 
(Frank H. Sebring, Jr.). U.S. 1,977,704, Oct. 23, 1934. 

Jigger for forming articles of plastic material. F. H. 
SEBRING, Jr., L. C. Loscuxy, anp J. T. Pucn (Frank H. 
Sebring, Jr.). U.S. 1,977,700, Oct. 23, 1934. 

Potentiometer recorder for automatically recording 
temperature changes. EDWARD WILLIAMS AND FRANK 
Moore (Wilson-Maeulen Co., Inc.). U. S. 1,977,708, 
Oct. 23, 1934. . 

Segregation eliminator. R.A.Biunt. U.S. 1,977,300, 
Oct. 16, 1934. In a gravity flow finely divided material 
segregation eliminator, a source of supply delivering mate- 
rial, stream like, to the same, a processing receptacle 
receiving material immediately therefrom before any 
further segregation can take place, a plurality of sets of 
material stream dividing end supported bars having spaces 
therebetween, each set being substantially in the same 
plane and cutting the stream successively longitudinally, 
and means to converge the stream after each cutting by 
each set of bars. 

Spray gun. B. W. Sarevps (Joseph Weidenhoff, Inc.). 
U. S. 1,981,077, Nov. 20, 1934. 
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Calorific value of coal and its determination. G. W. 
Himvus. Sands, Clays, & Minerals, 2 [2], 71-75 (1934).— 
Methods and procedure of analyzing and determining 
heating values of coal are described. M.H. 

Ceramic firing. T.H.Trives. Keram. Rund., 42 [29}, 
353-57; [31], 383-85 (1934).—T. discusses what happens 
during the firing of ceramic ware and how the firing 
should be conducted to obtain definite color, properties, 
appearance, and structure of the body. Devices used for 
controlling firing and various types of furnaces are de- 
scribed. M.V.K. 

Ceramic ware firing. E.C. Cremens, C. H. PARMELEE, 
AND ARTHUR P. Watts. Bull. Amer. Ceram. Soc., 13 
{11], 320-22 (1934). 

Ceramic heating cores. B.K.Isaxn. <Keram. i Steklo, 
10 [8], 27-31 (1934).—The basic properties of ceramic 


heating elements, methods of manufacture (according to 
foreign patents and literature), minimum firing tempera- 
tures, effect of porosity, basic materials used, the use 
of clay as binder, and furnaces used for firing them are dis- 
cussed in detail. M.V.K. 
Charging ceramic ware into the furnace. ANON. 
Keram. Rund., 42 [20], 243-44 (1934).—The effect of 
unsatisfactory charging and firing on the ware is discussed. 
M.V.K. 
Combustion of gases. A.Jarscuxe. Emailwaren-Ind., 
11 [40], 330-31 (1934).—J. discusses the processes of com- 
bustion and the kinetic gas theory. M.V.K. 
Combustion of pulverized fuel. G. E. Foxwe tt. 
Engineering, 137 [3548], 29-30 (1934); abstracted in 
Mech. Eng., 56 [4], 237 (1934). F.G.H. 
Decorating kiln. RicHarp Penny. Ceram. Ind., 23 
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[5], 243 (1934).—A new kiln completely lined with 4'/, 
in. of Infrax, a high temperature insulating brick, with a 
Carbofrax muffle, fired with gas, is claimed to give un- 
usually even heat distribution with less than one-half 
cone difference between the top and bottom. Illustrated. 
E.J.V. 

Definitions pertaining to heat effects on ceramic ma- 
terials. H. T. Coss et al. Bull. Amer. Ceram. Soc., 13 
{12], 340-43 (1934). 

Electric firing in fine ceramics. Srtrmer. Keram. 
Rund., 42 [27], 332-34 (1934).—The principles of electric 
firing and its advantages are dealt with. M.V.K. 

Electric heat in chemical and metallurgical industries. 
H. Krrcwratn. Chem.-Zig., 58 [37], 381-83 (1934); 
abstracted in Tonind.-Zig., 58 [70], 860 (1934).—Electric 
furnaces used in the glass, enamel, and ceramic industries 
are discussed. M.V.K. 

Firing ceramic bodies in tubular furnaces. ANON. 
Tonind.-Ztg., 58 [78], 953-55 (1934); Keram. Rund., 42 
[34], 419-20 (1934).—A brief discussion is given of tubular 
furnaces used for firing glazed ware, such as face and wall 
tile, structural ceramic plates, stove and Dutch tile, etc. 
Illustrated. M.V.K. 

Flat suspended arches for brick kilns. ANon. Brit. 
Clayworker, 43 [507], 109-10 (1934).—A kiln constructed 
in accordance with the Whitehouse patent is described. 
See also Ceram. Abs., 9 [3], 228 (1930). R.A.H. 

Hilger gas generators using a mixture of Tcheliabinsk 
and Leninsky coal. N. W. SursHakov. Ogneuporui, 2 
[8], 29-33 (1934).—S. gives a description and data on the 
operation of a gas generator plant at the magnesite works 
in Satka (South Ural) fed with coal from the local Tchelia- 
binsk and Leninsky miues. P.P.B. 

Furnace installations for liquid fuels. Hans KRemskI!. 
Tonind.-Ztg., 58 [79], 968-70 (1934).—The respective 
characteristics of the drop or pressure methods for feeding 
furnaces heated with heavy oil and “‘mazut” are dis- 
cussed. M.V.K. 

Gas producers and open-hearth furnaces. O. Becx- 
MANN. Giesserei, 21 [37-38], 389-98; [39-40], 412-20 
(1934).—Present state of development of gas producers, 
increase of capacity and efficiency, and methods of entirely 
automatic operation are discussed. The use of gas pro- 
ducers in connection with open-hearth furnaces and in- 
struments and control for operation and supervision are 
described. Illustrated. M.H, 

Materials, methods, and appliances. Electric kiln for 
firing glass. ANon. Jour. Brit. Soc. Master Glass- 
Painters, 5 [3], 148-50 (1934).—The kiln and its operation 
are described. M.V.K. 

Practical clayworking. XVI. Anon.’ Brit. Clay- 
worker, 43 [509], 155-56 (1934).—The efficiency of con- 
tinuous kilns and the efficiency and construction of the 
tunnel kiln are discussed. For Parts XIV—XV see this issue, 
p. 57; for Part XVII see p. 39. R.A.H. 

Reasons for variations in the porosity of ceramic bodies 
during firing. Paut Kocn. Tonind.-Ztg., 58 [76], 927- 
28 (1934).—The loss of water-vapor and oxygen proceeds 
in the following sequence: on decomposing, the clay 
substance molecule gives up the greater part of its water 
of constitution. Whether this water has an effect on 
promoting porosity remains uncertain. A part of the 
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water is retained by alumina and silica and is gradually 
given up with further firing when mullite and other com- 
positions are formed. The dehydration of silica should 
be ended for the most part at 1100°C and that of alumina, 
at 1200°. Wien the release of water stops in the body, the 
giving up of oxygen becomes noticeable according to the 
equilibrium 3Fe,O, 2Fe,O; + '/: O2, which is practically 
displaced to the right at about 1380°C. How far the 
liberation of water vapors and gases affects porosity at 
various temperatures depends on different factors; the 
kind and properties of raw materials are decisive. It de- 
pends also on the degree of softening, gas permeability, and 
rate of diffusion. It is important to note that gases may 
be subjected to a considerabie pressure (up to 100 at- 
mospheres) so that the softening would be noticeable at 
comparatively low temperatures. M.V.K. 
Regulation of industrial electrical furnaces. Max 
Lanc. Elektrowdrme, 4 [9], 201-208 (1934).—Principles 
of calculation of temperature control as determined by 
prevailing practical operating conditions are developed, 
and applicatiou of the derived formulas is illustrated by 
examples. M.H 
Scotch kiln standard design. ANon. Brit. Clayworker, 
43 [510], 185-86 (1934).—Plan and elevation drawings 
are given of a Scotch kiln suitable for firing 35,000 brick, 
and the method of operating such a kiln is described. This 
type of kiln is rarely built except for temporary use on 
new ground. R.A.H. 
Test burner, a new device for determining burning 
qualities for gases. E. Czako anp E. Scuaackx. Gas & 
Wasserfach, 77 [35], 587-96 (1934).—Methods for deter- 
mining the suitability of gases for burning are reviewed 
and their practical disadvantages and shortcomings dis- 
cussed. A new “testing burner” was developed in which 
the gas is first freed of impurities and then burned under 
definite conditions of pressure and air; a scale shows a 
certain (arbitrary) value for a definite adjustment of 
flame and inner cone. The instrument is slightly de- 
pendent on the personal factor. Examples of widely 
differing gases are given, and results agree well with those 
found by other methods. The possibility of determining 
the heating value of a gas from the burner readings is dis- 
cussed. M.H. 


BOOKS 


Industrial Furnaces. Vol. I. W. Trinxs. 3d ed. 
John Wiley & Sons, New York. 456 pp. Price $6.00. 
Mining & Met., 15 [335], 5 (1934); Can. Engr., 67 [18], 26 
(1934).—The work is a comprehensive exposition of the 
principles which underlie furnace operations and the 
design of furnaces for heating and annealing metals. The 
capacity, fuel economy, strength, and durability of fur- 
naces and the movement of gases in them are discussed 
theoretically and practically. E.J.V. 

Tunnel Kiln (Der Tunnelofen). Pavut Gatzxe, Lourse 
PIEPER, MANFRED TRAUTWEIN, AND HEINRICH WILLACH. 
Verlag Chem. Lab. Tonindustrie, Berlin, 1933. Bound 
5.80 Rm. Reviewed in Sprechsaal, 67 [29], 440 (1934).— 
This book deals with the development of tunnel kilns, 
their advantages over other types of furnaces, characteris- 
tics, and manifold uses. M.V.K. 
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PATENTS 
Fire box. J.F.Siater. U.S. 1,981,127, Nov. 20, 1934. 
Firing ceramic goods. J. E. PottaKk (Porzellanfabrik 
Kahla). Brit. 417,166, Oct. 10, 1934. 
Kilns for firing brick, etc. J. Kennett. Brit. 417,468, 
Oct. 17, 1934. 


Anion exchange. I. Adsorption of phosphoric acid 
ions by soils. S. Ravixovitcu. Soil Sci., 38 (3), 219-39 
(1934).—The réle of the mineral and organic exchangeable 
complexes and their exchangeable H and Ca cations in the 
adsorption of phosphoric acid ions is discussed. A de- 
tailed study is presented of the relationship between the 
amount of adsorbed PO, and its concentration in the 
solution, as well as the dependence of this adsorption on 
the exchange capacity of the soil complex, on the amount 
of the exchangeable Ca and H, and on the px of the solu- 
tion. The experiments were carried out on 1 peat and 3 
mineral soils. II. Liberation of phosphoric acid ions 
adsorbed by soils. Jbid., 38 [4], 279-90 (1934).—The 
course of phosphoric acid liberation when Ca(OH), or 
NaOH solutions are added to H soils containing PO, ions 
in adsorbed condition was studied. The influence of the 
exchangeable Ca, Na, and H ions on this liberation was 
considered. G.R.S. 

Bentonite. J. N. Wmson. Sands, Clays, & Minerals, 
2 [2], 45-47 (1934).—Bentonite is a fine colloidal clay 
classified principally as (1) bentonite containing alumina 
resistant to the action of H,SO,, and (2) sub-bentonite con- 
taining alumina which is attacked by H:SO,. Commercial 
quantities are at present available in the U. S., especially 
near Fort Benton, Wyo. (whence the name). It has a 
remarkable affinity for water, it absorbs 5 to 6 times its 
weight, and swells from 14 to 16 times its dry bulk. In the 
natural state as shipped the analysis is moisture at 110°C 
7.4, silica 59.57, alumina 19.67, ferric oxide 2.91, ferrous 
oxide 0.26%, traces of S and titanium oxide, lime 0.66, 
magnesia 2.46, potash 0.29, soda 2.09, ignition loss (chemi- 
cal water) 4.73%, specific gravity 2.79, fusion temperature 
1340°C, refractive index 1.557, pa value in distilled water 
8. It is used for foundry purposes and in the ceramic 
industries. M.H. 

Bentonite in New Zealand. H. E. Fyre. WN. Z. 
Jour. Sci. Tech., 15, 386-94 (1934).—Bentonite has been 
found in commercial quantities in several deposits 25 
miles northeast of Gisborne. H.H.S. 

Carboniferous rocks. J. E. Metcatre. Sands, Clays, 
& Minerals, 2 [2], 27-31 (1934).—Stratification, oc- 
currence, and composition in the British Isles are de- 
scribed. The fire clay varies in composition from 20 to 
30% alumina and 50 to 70%'silica; it resists fire well up to 
1200°C and does not melt until 1500°C. M.H. 

Ceramic properties of kyanite from Borissovskoe de- 
posits in the Urals. L. V. Omrnin anv F. M. Srnyakov. 
Ogneuporui, 1 [11], 4-11 (1933); abstracted in Chem. 
Zentr., i, 1232 (1934). M.V.K. 

Chemical composition of silicates containing titanium, 
especially of astrophyllite. B.Gossner AND E. REINDL. 
Centr. Mineral. Geol., A, 161-67 (1934); abstracted in 
Chem. Zenir., ii, 747 (1934). M.V.K. 
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Pottery kilns, etc. INTERNATIONAL FuRNACE EQuiP- 
MENT Co., Ltp., AND L. Bartey. Brit. 418,751, Nov. 14, 
1934. 

Tunnel kilns. Lrtp., AND A. N. 
CiarK. Brit. 417,934, Oct. 31, 1934. 


Chemical modification of clay in red soil (Crvenica) 
and in “ash” soil (Podzol). Stevan Nixo.ic. Bull. 
soc. chim. Yougoslavie, 4, 157-67 (1933); abstracted in 
Chem. Zentr., ii, 2266 (1934).—Treating the soils men- 
tioned and kaolin with 0.1 N hydrochloric acid and 0.1 N 
Ba(OH), shows the presence of exchangeable bases and of 
free “acid-functions” permitting the formation of fer- 
tilizer in the soils. Kaolin does not possess these proper- 
ties. The quality of the clay decreases with the increasing 
depth in the soils; it is possible that a kaolinization of the 
clay takes place. M.V.K, 

China clay industry developments. ANon. Chem. 
Age, 31 [799], 356 (1934).—Details are given of a new 
and successful steam-drying process. Apart from cheapen- 
ing the process of drying, it has been proved that in the 
new process the dried clay retains its chief qualities of 
body and plasticity to a greater degree than heretofore. 

A.K. 

Discussion of “‘ Progress in the commercial development 
of kyanite in the south Atlantic states.” Ricnarp W. 
Smitn. Bull. Amer. Ceram. Soc., 13 [12], 352 (1934). 

Dispersion of clayey colloids of soil and of sediments. 
A. DEMOLON AND E. Bastissge. Compt. rend., 199 [15], 
675-77 (1934).—Various methods of separating clayey 
colloids in the soil were compared and the factors in- 
fluencing the results investigated. The application of a 
standardized method of sedimentation is described; the 
results obtained with other methods agree more or less 
according to compositicn. M.H. 

Exploration of the mineral world by X-rays. W. L. 
Bracc. Nature, 134 [3385], 401-404 (1934).—B. shows 
the all-important influence of crystal structure as deter- 
mined by X-rays on the characteristics of several important 
ceramic materials. Oxygen, silicon, aluminum, iron, cal- 
cium, potassium, sodium, and magnesium together com- 
prise 98% of the earth’s solid crust. B. divides these 
into three classes according to the way in which they build 
with oxygen to form units of the mineral pattern. The 
first class comprises elements forming the center of a 
tetrahedral group with four oxygen atoms grouped at the 
corners of the’tetrahedron. All silicon is in this class and 
most of the aluminum. The second class includes elements 
forming the center of an octahedral group with six oxygen 
atoms grouped at the corners of the octahedron. Mag- 
nesium, iron, and the remainder of the aluminum follow 
this structure. The third class includes the large elements, 
sodium, calcium, and potassium, which are too bulky to 
fit in either of the first groups and are arranged in large, 
often unsymmetrical holes in the structure. The general 
type of structure of a mineral corresponds to the com- 
position in that it is governed by the ratio of the first group 
of elements (those inside tetrahedra) to available oxygen. 
With four oxygens to each silica, separate SiO, groups exist, 
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while if there are only two oxygens to each silicon the 
tetrahedra must share every corner to give each silicon 
four oxygens. This gives the network structure of quartz. 
Intermediate ratios produce intermediate structures. 


Type of structure 
Separate SiO, groups 
- Single chai 
Amphiboles Si,On Double chains 
Mica Sheets 
Feldspar SiAIDO, Networks 
Quartz SiO, 
In olivine, separate SiO, tetrahedrons are linked by Fe and 
Mg tetrahedrons in a close, even structure producing a 
dense mineral of glassy texture. Pyroxenes and amphi- 
boles composed of chains or strings of tetrahedra are 
fibrous and split easily along the chains. Mica cleaves 
readily as would be expected from the sheet structure of 
the tetrahedra. Each tetrahedra is linked by three corners 
to neighbors to form a hexagonal network. Two such 
networks are linked together by Al, Mg, or Fe octahedra to 
form a strong composite sheet. These sheets are fastened 
weakly to similar sheets by potassium atoms lying between 
them. Between these weakly fastened sheets cleavage 
occurs. The clay minerals have a mica-like modification 
of single sheets of tetrahedra with an active side of vertices 
and an inactive side of bases. Their properties are a 
result of this platy structure. Feldspar is formed from Si 
and Al tetrahedra linked at every corner in every direction. 
The large atoms Na, K, Ca are held in the interstices. 
Since it is geometrically impossible to fit octahedra in this 
structure it is not surprising that iron and magnesium do 
not occur in feldspar. The symmetry of orthoclase is due 
to the large size of the potassium atom which, inserted in 
the framework, holds it symmetrically expanded. Corre- 
spondingly, the smaller sodium and calcium atoms allow the 
structure to sag and produce the unsymmetrical albite and 
anorthite. Reference to the table shows that the higher 
the tetrahedral linking, the lighter is the structure and the 
lower is the density of the mineral. Illustrated by dia- 
grams and a photomicrograph. J.L.G. 

Kinds and properties of clays. P. VAN CAMPEN. 
Chem. Weekblad, 31 [42], 618-24 (1934).—Clay is defined 
as a material which can be formed, fired, and used to 
fertilize soil; it consists mainly of SiO, with Al,O;, Fe:O,, 
K,O and Na,O, and other impurities. While the larger 
particles are usually called sand, clay proper is only 
particles of less than 2 microns. Petrographic data, de- 
posits, special clays such as kaolin, allophane, etc., and 
applications in the ceramic industries are discussed. 
Bibliography. M.H. 

Luminescent aluminium oxides and their crystallo- 
chemical relations to natural and synthetic precious stones 
of the corundum type and to their colorings. Ericu 
TrepE AND Hertnz LUpers. Ber. deut. chem. Ges., 66, 
1681-89 (1933); abstracted in Chem. Zentr., ii, 188 
(1934). M.V.K. 

Methods of testing china clay. JutrusGrant. Sands, 
Clays, & Minerals, 2 [11], 49-51 (1934)—Methods of 
sampling and determining moisture, color, grain size, and 
composition are briefly treated. M.H. 

Natural deposits of thorium. F. Hermann. Metall- 
bérse, 24, 421-22 (1934); abstracted in Chem. Zentr., ii, 
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303 (1934).—A review is given of primary and secondary 
deposits of thorium, its uses, and uses of cerium obtained 
as a by-product. M.V.K. 
Physical improvement of quartz sand containing iron. 
B. Granicc. Sprechsaal, 67 [32], 479-80 (1934).—In 
many cases it is possible to remove iron from quartz sand 
of low quality by a magnetic treatment and thus to obtain 
a product answering the requirements of the glass industry. 
The experiments of Blanc (Ceram. Abs., 12 [7], 275 (1933)) 
on leucite as a source of alumina, potash, and silica are 
discussed. M.V.K. 
Plagioclase determination by the modified universal 
stage. R.C. Emmons. Amer. Mineralogist, 19 (6), 237- 
59 (1934).—The modified universal stage having two 
horizontal east-west axes of rotation is applied to the 
determinative procedures for plagioclase feldspars and 
their twin laws, as originally introduced by Fedorov and 
elaborated more recently by others. The modified uni- 
versal stage both simplifies and speeds up the procedure 
by permitting added steps of manipulation. A descrip- 
tion is given of the application of this stage to this problem. 
Necessary diagrams to facilitate calculation by graphical 
methods are appended. No graphical construction is 
required for critically orienting the crystal. Very little 
and simple and elementary construction is required for 
the determination of the anorthite content of plagioclase. 
Only slightly more is needed to determine the twin law. 
The procedure is given as a routine. A.K. 
Profile studies of coastal prairie soils of Louisiana. 
I. Exchange and solution properties. E. A. Fiscer 
AND M. B. Strurcrs. Soil Sci., 38 [4], 267-77 (1934).— 
Eight soils were studied. The evaluation of replaceable 
bases, base exchange capacity, H ion concentration, total 
soluble salts, and soluble alkali were included. G.R.S. 
Pyrophyllite, Al:(OH):Si,Oj crystal structure. J. 
PaLacios AND J. A. Barasvain. Anales soc. espait. fis. 
quim., 32, 271-74 (1934); abstracted in Chem. Zenir., ii, 
1754 (1934).—Data are given. M.V.K. 
Scientific refinement of whiting. A. L. Curtis. 
Sands, Clays, & Minerals, 2 [2], 85-89 (1934).—Whiting 
or Paris white is usually obtained from the southeast 
coast of England. Methods of preparation and classifica- 
tion are described. M.H. 
Secondary montmorillonite in a California pegmatite. 
J. D. LaupERMILK AND A. O. Wooprorp. Amer. Miner- 
alogist, 19 [6], 260-67 (1934).—Portions of a southern 
Calif. pegmatite have been replaced by a clay mineral. 
The original material appears to have been chiefly feld- 
spar, and the clay mineral has the chemical composition 
and the optical and X-ray properties of montmorillonite. 
AK. 


Sorption of liquids by soil colloids. I. Liquid intake 
and swelling by soil colloidal materials. H. WmInTeRKORN 
AND L. D. Baver. Soél Scé., 38 [4], 291-98 (1934).—A 
simple method for measuring the liquid intake and the 
swelling of soils and soil colloids is described. The 
sorption of various liquids by powdered soil colloids was 
measured. It was found that the swelling, defined as the 
difference between sorption of swelling liquid and intake of 
nonswelling liquid, is a function of form and intensity of 
the electric field around the liquid molecules. The swelling 
of soil colloids in liquids having a water-like structure, as 
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related to the dielectric constant, is expressed by a simple 
formula. G.R.S. 
Talc and pyrophyllite crystal structure. J. W. GRUNER. 
Z. Krist., 88 [5-6], 412-19 (1934).—Two tales and two 
pyrophyllites were investigated with the powder method. 
The powder diagrams of the two specimens of each mineral 
are alike within the limits of error. The structures of the 
individual layers of talc and pyrophyllite agree with those 
predicted by Pauling. The stacking of the layers is such 
that the two minerals belong to the monoclinic holohedral 
space group C$, instead of C3,. Four molecules of 
Mg:Si0w(OH), and AlSisQ(OH):, respectively, are 
combined in the unit cell. Other constants are tabulated. 
G.R.S. 
Testing samples of Tikhvin bauxites. I. N. Mas- 
LENITZKI. Inst. Mekanicheskoi Obrabotki Poleznuikh Isko- 
paemuikh Mekhanobr (Inst. Mech. Treatment Ores). Repts. 
on Concentration of Ores, No. 2, pp. 3-39 (1929).— Bauxite 
mined in Krasnuif Ruchei had the following average com- 
position: loss on heat treatment 12.00 to 14.32, SiO, 4.52 
to 18.28, FeO; 1.64 to 24.42, Al,O; 45.50 to 72.30%, and 
the ratio Al,O,: SiO, 2.62 to 16.00; bauxite from Podsosna 
had correspondingly 11.25 to 13.50, 5.00 to 12.32, 5.35 to 
26.10, 50.93 to 68.00, 4.12 to 13.61. The sorted mineral 
contained (Podsosna) loss on heat treatment 11.12 to 
13.64, SiO, 4.66 to 11.68, FeO; 8.93 to 33.25, TiO, 2.80 to 
3.70, CaO 0.32 to 0.46, Al,O; 41.66 to 68.78%, and Al,O;:- 
SiO, 3.7 to 14.8; that from Krasnuif Ruchei contained 
correspondingly 11.60 to 13.84, 7.22 to 10.40, 5.31 to 21.41, 
2.90 to 3.10, 0.30 to 0.69, 53.39 to 66.66, 5.1 to 8.8. The 
bauxites were concentrated by flotation. Results of the 
experiments are tabulated and plotted. (C.A.) 
Thermocouple proves useful on a geophysical survey. 
J. N. A. VAN DEN Bouwnutjsen. Eng. Mining Jour., 135 
[8], 342-44 (1934).—Since at depths of 1.5 m. the daily 
variation of temperature due to solar radiation to the 
earth becomes imperceptible and since the flow of heat 
from the high temperature nucleus of the surface depends 
on the heat conductivity of rock formations between the 
surface and on the thickness of the different layers, it is 
possible to detect a buried fault zone by measuring the 
horizontal gradient of temperature at a depth 1.5 m. below 
the earth’s surface. Such a measurement with the result of 
its findings checked by previous torsion balance work of 
another experimenter is reported. The thermocouple set 
up and the methods used are described in detail. Illus- 
trated. J.L.G. 
Zirconium and its compounds and their industrial 
application. A. Cocuetr. Chim. & ind. [Special No.], 
31 [4 bis], 704-14 (1934); abstracted in Ind. chimique, 20 
[238], 823 (1933).—A general discussion of zirconium 
and a study of the minerals and their treatment are pre- 
sented, with a detailed discussion of the use of zirconium 
oxide or zirconia and its salts in the production of enamels, 
glass, refractories, laboratory porcelain, nitrate, carbides of 
zirconium, alloys, etc. M.V.K. 
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Adsorption Properties of Clays. Anon. All-Union 
Sci. Research Inst. of Refractory and Acid-Resisting 
Materials. State Sci. Tech. Pub. House of Building 
Industry and Shipbuilding, Moscow and Leningrad, 1934. 
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88 pp., 35 curves. Price 1 R 60k.—Four experimental 
papers in the field of adsorptive properties of silicates deal 
with (1) the adsorption of acids by clays, (2) adsorption of 
sodium hydroxide by clays, (3) bleaching (decolorization) 
of vegetable oils by clays (a short review of literature on 
“bleaching earths” is included), and (4) adsorption ca- 
pacity of asbestos. Experiments on asbestos by-products 
(fibers 1.4 to 4 mm. and a certain quantity of dust) and 
their adsorption capacity in relation to three organic colors 
are described. S. I. PERKAL 
Geologic History at a Glance. Compiled by L. W. 
RIcHARDS AND G. L. Ricnarps, Jr. Stanford University 
Press, Stanford University, Calif., 1934. Educational 
Ed., 80¢; bound, $1.25. Reviewed in Bull. Amer. Assn. 
Petroleum Geol., 18 [9], 1213 (1934). G.M.H. 
Geologic Structures. B. Wititis R. WILLIS. 
McGraw-Hill Book Co., New York. 554pp. Price $4.00. 
Mining & Met., 15 [335], 5 (1934).—This volume presents 
the facts of the architecture of the earth, explains the 
action of the forces which have produced that structure, 
and aims to be a complete treatment of the subject within 
practicable limits. E.J.V. 
Geomorphology. Fritz MacHastcHeK. 2d ed. iv + 
154 pp. B.G. Teubner, Leipzig and Berlin, 1934. Price 
4.50 gold M. Reviewed in Nature, 134 [3389], 555 
(1934).—Four chapters are devoted to the physical and 
chemical forces which can be considered as the active 
agents in the modification of the earth’s crust. The re- 
maining chapters contain an analysis of land forms under 
varying climatic and structural conditions. Five main 
types are recognized as follows: (1) the normal cycle of 
erosion, (2) erosion in humid climates, (3) erosion under 
polar conditions, (4) erosion in arid climates, and (5) is- 
lands and coasts. It is a concise and comprehensive work 
suitable for the elementary student of geomorphology. 
J.L.G. 
Geophysical prospecting abstracts. FREDERICK W. 
Leg. Bur. Mines Periodical Service Rept., GA 64, 24 pp.; 
GA 65,19 pp. Price 10¢. See also Ceram. Abs., 14 [1], 21 
(1935). R.A.H. 
Institute of Economic Mineralogy. Transactions of 
Organization and Development of the Industry of Non- 
metallic Minerals. Ten years of the Institute of Eco- 
nomic Mineralogy. ONTI, Moscow, Leningrad, Novo- 
sibirsk, 1933. 345pp. This is the first of two volumes of a 
symposium giving a summary of the principal investiga- 
tions made by the Institute of Economic (Applied) Mineral- 
ogy. The activity of the Institute embraces the inves- 
tigation of new deposits of raw materials needed by the in- 
dustry and the appropriate technological processes for their 
practical use. The following articles are of special interest 
to the ceramist: ‘“‘Kaolin,”’ by V. S. Lutchitsky and A. F. 
Chicherin; ‘Physicochemical investigations in the field of 
metallurgy,”’ by A. F. Kapustinsky; ‘‘Modern methods of 
studying mineral resources,”’ by J. P. Alimarin; ‘‘Methods 
of petrographic investigations,’’ by V. V. Arshinov. 
P. P. BUDNIKOFF 
Introduction to a Petrographic Study of Sedimentary 
Rocks (Introduction a l'étude pétrographique des roches 
sédimentaires). Lucren Cayeux. Govt. Printing Office, 
Paris, 1931. 524pp. + separate atlas (56 tables, contain- 
ing about 300 figs.)—A detailed outline of the methods 
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of studying sedimentary rocks and a description of the 
minerals and organisms of these rocks, many of which 
are of interest to ceramists and refractories manufacturers, 
are given in this book. The atlas of tables makes the work 
an irreplaceable handbook for the study of sedimentary 
rocks in sections (slides). S. I. Perea. 

Kaolin and China Clay in the Pacific Northwest. 
Hewitt Witson AND E. Univ. 
Wash. Eng. Expt. Sta. Bull., No. 76, 184 pp., 1934.—The 
Northwest Experiment Station of the United States 
Bureau of Mines and the College of Mines, University of 
Washington, have been studying methods for beneficiating 
and using the nonmetallic resources of the Pacific North- 
west since 1919. For over 20 years the white clays near 
Spokane, Wash., and Moscow and Troy, Idaho, have been 
manufactured into fireclay and face-brick products by 
four companies. Articles produced with run-of-mine 
material were near-white in color. Tests were made on 
the use of this material for paper, kalsomine, paint filler, 
pottery, electrical porcelain, and sanitary ware. Wash- 
ing plants at Freeman and Aberdeen have operated for a 
short time, and a third company organized at Troy, Idaho, 
purifies and markets the kaolin. These kaolins range 
from highly plastic, transported materials resembling ball 
clays to the weakly plastic residual clays. The former are 
more plastic than the Florida kaolin, and the latter lie be- 
tween the Florida and the English in plastic properties. 
By proper mixing of these two types the use of imported 
clays for white pottery can be eliminated. These clays fire 
to dense, hard, vitrified bodies at comparatively low 
temperatures and show bluestoning tendencies, even 
though the purity is such that the P.C.E. value is near 
cone 34. The residual kaolins, on the other hand, are 
much whiter in the original and fired condition and retain 
their open structure to higher temperatures. 

Mineral Deposits. Henry Louis. viii + 384 pp., 3 
plates. Ernest Benn, Ltd., London, 1934. Price 30s 
net. Reviewed in Nature, 134 [3381], 235-36 (1934).— 
Alteration of mineral deposits and an economic classifica- 
tion of minerals as fuels, ores, salts, and gems are presented. 

J.L.G. 

Minerals Yearbook, 1934. Bureau or Mines. 1154 
pp. Price $1.75. This volume is an annual which gives 
statistical information and economic discussions on 
mineral commodities of the U. S. R. A. Herp. 

Nonmetallic minerals consumption and prices. Pavut 
M.Tyier. Bur. Mines Information Circ., No. 6794, 45 pp. 
Free. The report summarizes consumption data for pre- 
war and post-war periods, discusses trend toward national 
self-sufficiency, background of prices, effects of depression, 
and price trends, and gives individual tables for principal 
nonmetallic commodities, listing domestic production, 
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imports, apparent consumption, and indexes of con- 
sumption and unit value. R.A.H. 
Soil Research Methods. (Methoden fiir die Unter- 
suchung des Bodens). Part II. O. LemmerMaNnn L. 
Fresenius. Verlag Chemie, G.m.b.H., Berlin, 1934. 
Reviewed in Soil Sci., 38 [5], 419 (1934).—The scope of the 
work is indicated by the following arrangement of the sub- 
ject matter: (A) sampling of soils, (B) physical investiga- 
tion of mineral and organic soils, (C) investigation of 
mineral soils, (D) investigation of peat and muck soils, 
and (E) investigation of forest soils. G.RS. 
Study of Crystal Structure and Its Applications. W. P. 
Davey. McGraw-Hill Book Co., New York. 695 pp. 
Price $7.50. Mining & Met., 15 [335], 5 (1934).—This 
book gives the reader a knowledge of the theory and 
technique of crystal analysis and enables him to read 
literature intelligently and to do independent experimental 
work. Well-recognized, standard methods of laboratory 
procedure are described with sufficient detail for practical 
purposes and the use of crystal structure technique as a 
tool in other fields of knowledge is considered. Bibliog- 
raphy. E.J.V. 
Textbook of Ore Microscopy (Lehrbuch der Erzmikro- 
skopie). Vol. I, Part I. Hans ScHNEIDERHOHN AND 
Paut Rampour. 312 pp., 145 figs. Gebruder Born- 
traeger, Berlin, 1934. Price (umbound) 24 Rm. Re- 
viewed in Econ. Geol., 29 [6], 607-608 (1934).—The 
history and general application of ore microscopy, optical 
and illuminating apparatus for examinations in reflected 
light, polishing of specimens, photomicrography, physical 
properties of ores, theory and application of ordinary and 
polarized light and its qualitative and quantitative measure- 
ment, methods in general use by mineralographers, 
microchemical tests and etch methods, and the measure- 
ment of grains in polished section are all considered in 
detail. M. Berek has contributed a section on the theory 
of the optical behavior of opaque minerals in reflected 
light, Ehrenberg and Ramdohr, a section on the photo- 
electric cell, while Doris Korn has contributed a chapter on 
the newly developed method of determining the optic 
orientation of an opaque mineral in a polished section. 
Part II of this volume will contain the genetic relations of 
the minerals to each other and to ore deposits. Volume 
II (Ceram. Abs., 11 [5], 323 (1932)) gave a discussion of 
the minerals for which Volume I contains the determination 
methods. J.L.G. 
White-firing clays of Saskatchewan. Anon. Bur. 
Econ. Geol., Dept. of Mines, Ottawa, Summary Rept., Part 
B, 1933; abstracted in Clay Prod. News, 7 [9], 1 (1934).— 
Buff- and white-firing clays of Saskatchewan are discussed. 
These clays find utilization in the manufacture of fire brick, 
sewer pipe, pottery, whiteware, and stoneware. M.C-.S. 
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Accelerated methods of chemical analysis of alumino- 
silicates. R. I. Boroprrzkaya. Keram. i Steklo, 10 
[8], 20-24 (1934).—Experiments showed that for ac- 
celerating the determination of SiO,, TiO,, Al,O:, Fe:Os, 
and CaO in clays, kaolins, feldspars, and other alumino- 
silicates it is necessary to determine (1) SiO, gravimetri- 
cally by precipitating it in the presence of alcohol; (2) FesO; 


and TiO, in the presence of all oxides composing the sili- 
cates by decomposing the sample with sulfuric acid; (3) 
alumina volumetrically with oxyquinoline; and (4) CaO 
titrimetrically in the presence of AlyO;, Fe:O;, and TiO,. 
Details as to procedure are given. M.V.E. 
Active oxides. No. 72. Course of reactions in the 
solid state. (After experiments by Emile Rosenkranz, 
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Bela Steiner, and Herbert Kittel.) Gustav HUrtt1c. 
Z. anorg. allgem. Chem., 217 [1], 22-26 (1934).—An in- 
vestigation of the course of the reaction MgO + Fe,0O; —> 
MgFe,0, by a study of the catalytic activity of the inter- 
mediate products in the reaction is given. The results 
of the experiments are compared with former results on 
the magnetic properties of similar preparations. No. 73. 
Change of magnetic properties during change of a mixture 
Of magnesium oxide with chromium oxide and calcium 
oxide with iron oxide into spinel. Herpert KITTEL AND 
Gustav Httric. Z. anorg. allgem. Chem., 217 [2], 193- 
202 (1934).—The changes which mixtures of MgO with 
Cr,0; and CaO with Fe,O,; undergo on heating were 
studied by a measurement of the magnetic properties and 
by X-rays. No. 78. Active states passed through in the 
change of a mixture of alkaline earth carbonates and iron 
oxide into spinel. (After experiments by Herbert 
Kittel.) Gustav HUrric. Z. anorg. aligem. Chem., 219 
(3], 256-62 (1934).—In reactions of the type MeO + 
R,O; —> MeR,Q,, it has been observed that before the 
formation of the end product active intermediate forms 
exist. The magnetic, catalytic, and optical properties of 
these intermediate states were studied on materials 
quenched from high temperatures. The following systems 
were investigated: CaO-—Fe,0;, SrO-Fe,0;, and BaO- 
Fe,0;. See also Ceram. Abs., 13 [3], 63 (1934). L.T.B. 
Analysis of silicates and silicate materials. A. 
GrRaNncerR. Rev. chim. ind., 43, 146-53 (1934); abstracted 
in Chem. Zentr., ii, 2267 (1934).—A review is given of 
methods used for analyzing silicates suggested by the 
English Ceramic Society and of other methods for deter- 
mining the water content, SiO,, Fe,O;, AlO;, and MgO 
(oxyquinoline method) and for a rapid analysis of silicate 
attack by hydrochloric acid. M.V.K. 
Analysis of silicates containing silica, iron, calcium, and 
magnesium oxides. N. I. Cuervyakov. Zavodskaya 
Lab., 1, 32-34 (1932); abstracted in Chem. Zentr., i, 
3772-73 (1934).—A rapid method of silicate analysis is 
given. (1) SiO, determination: 0.3 to 0.5 g. are melted 
with soda (6-fold amount), washed with water, acidified 
with hydrochloric acid, and dried. After cooling, the mix- 
ture is treated with 100 to 150 cc. hot water and boiled. 
The precipitated SiO, is washed, calcined, and weighed. 
(2) Determination of Fe,O;, CaO, and MgO: 1 g. is 
carefully heated in a platinum crucible up to the appear- 
ance of SO; vapors after moistening it with water and 
adding several drops of H:SO, with 10 cc. 40% HF. 
The residue is treated with hydrochloric acid, the solution 
filtered, and the sediment washed well. The remainder 
is again treated as above. The filtrates are diluted to 
500 cc. and separate portions are taken with a pipette for 
determining Fe,O;, CaO, and MgO. M.V.K. 
Analysis of tungsten ores. W. R. SCHOELLER. Sands, 
Clays, & Minerals, 2 [2], 67-69 (1934).—Determination of 
tungsten oxide, Sn, As, S, Bi, Cu, and P in the usual sources 
of commercial W (iron-manganese tungstate (Fe, Mn)- 
WO,, or scheelite, calcium tungstate CaWO,) is described 
in detail. —~ M.H. 
Collation of experimental data. XIV. A. ALISON. 
Glass, 11 [9], 346 (1934). XV. Ibid., 11 [10], 392 
(1934).—A. discusses the interpretation of data obtained 
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by sampling. For Parts XI—XIII see Ceram. Abs., 14 
22 (1935). M.C.S. 
Collected references to the microchemistry of arsenic, 
antimony, tin, and bismuth. K. He.ier. Mikro- 
chemiz, 14, 369-406 (1934); Analyst, 59, 575 (1934); 
ses also Ceram. Abs., 13 [7], 192 (1934). H.H.S. 
Colorimetric determination of alumina and iron in glass. 
P. S. SavcHenko. Zavodskaya Lab., No. 2, pp. 23-25 
(1933); abstracted in Chim. & ind., 31 [6], 1375 (1934).— 
The determination of alumina is based on the formation of 
an alizarin lacquer; 0.5 g. glass are used. After decom- 
posing the silicate and separating the silica, the filtrate is 
collected. Several cubic centimeters of the solution are 
poured as drops into an alizarin solution to establish 
the necessary degree of dilution. Usually, 5 cc. of the 
solution are diluted to 100 to 250 cc. Before diluting, 
2 or 3 cc. of a concentrated citric acid solution are added 
to 5cc. of the filtrate. Five cubic centimeters of a solution 
(consisting of 0.05% alizarin-sulfonate of sodium, 5 drops 
of diluted ammonia, and 2 or 3 cc. of a saturated sodium 
chloride solution) are put into 2 vessels of 125 cc., and 5 cc. 
of an aluminous solution containing 0.002 mg. of metallic 
Al per 1 cc. are poured into one vessel, while the solution 
to be analyzed is introduced drop by drop into the other 
vessel until an equality of color is reached. Both Al solu- 
tions must be slightly acidified. At the end of titration 
the volumes of both reacting mixtures in the 2 vessels 
must be equal and comprise between 50 and 80 cc. The 
solutions may be colored in a Duboscq colorimeter to 
obtain more exact results. The iron is determined in the 
form of sulfocyanide as usual. A colorimeter is not used, 
but the colorimetric titration is effected in the vessels. 
Five cubic centimeters of sulfocyanide of ammonium, 10 
ee. of 10% sulfuric acid, and 25 cc. of the solution to be 
analyzed, having the same concentration as in the case of 
aluminum determination, are used. M.V.K. 
Colorimetric determination of magnesium. A. D. 
HIRSCHFELDER AND E. R. Serves. Jour. Biol. Chem., 
104, 635-45 (1934); abstracted in Analyst, 59, 423 
(1934).—The pink color produced by titan yellow or 
Clayton yellow in alkaline solution is measured. 
H.H.S. 


Colorimetric method of determining titanium in silicates. 
N.I. Bupaxov. Zhur. Prikladnoi Khim., 7 [1-2], 233-34 
(1934); abstracted in Chim. & ind., 32 [3], 547 (1934).— 
One-half gram of the material (grog, clay, quartzite, etc.) 
is fused in a Pt-crucible with sodium carbonate or bicar- 
bonate (6 or 7 times the weight of the material). The 
mixture and the crucible are immersed in a vessel contain- 
ing 25 cc. water; 6 cc. of concentrated sulfuric acid are 
added to neutralize the carbonate and to obtain a solu- 
tion with 5% free acid. The SiO, is precipitated, 100 cc. 
water are added, and the solution is filtered. The residue 
is washed with 60 cc. sulfuric acid (5%), 3 or 5 cc. of per- 
oxide (3%) are added, it is cooled to surrounding tem- 
perature, and Ti is colorimetrically titrated as usual. 
This method yields good results; the presence of up to 
10% ferric oxide in the material does not affect the results. 

M.V.K. 


Concept of colloidal systems based on probability. 
M. Marttixow. Science, 79 [2061], 589-90 (1934).— 


if 

; 
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A philosophical concept of the colloidal state is presented. 
A.K. 
Crystal structure of silicates. E. Scmresotp. Ergeb- 
nisse exact. Naturw., 12, 219-96 (1933); abstracted in 
Chem. Zentr., i, 657 (1934).—The paper discusses (1) 
silicates with the tridimensional connected tetrahedron 
groups and (2) general relationship between the structure 
and properties of silicates. A tabulated review and litera- 
ture index are given. See also Ceram. Abs., 13 [5], 130 
(1934). M.V.K. 
Crystalline B,O; (preliminary abstract). N.W.Taytor 
AND S.S. Cote. Jour. Amer. Chem. Soc., 56 [7], 1648-49 
(1934).—Numerous attempts to devitrify boric oxide 
glass have failed. The usual process of heating H,;BO, 
to drive off the water leaves an extremely viscous liquid 
which does rot crystallize. Crystalline B,O; was produced 
by vacuum dehydration of H;BO, at temperatures below 
225°C. The melting point was determined by two 
methods to be 204 = 1°C. The index of refraction is 
1.458 + 0.002. The crystals are apparently isotropic. 
The specific gravity at 25°C is 1.805, while that of the 
B,O; glass is 1.844, making it expand on freezing. The 
anhydrous crystalline B,O; is highly desiccant. F.G.H. 
Detection of free silica in rocks. A. SHaw. Analyst, 
59, 446-61 (1934).—After investigating the methods of 
H. V. Thompson and Sollas and the “rational analysis”’ 
of Lunge and Millberg, the method finally adopted was 
that of W. A. Selvig, modified by the use of a syphon in 
preference to decantation. The analyses of a number of 
minerals by this method are given. The discussion of 
this paper brought out the importance of ‘“‘free silica” 
with regard to silicosis. H.HS. 
Determination of boric anhydride in glass. O. A. 
Kutskaya. Zavodskaya Lab., No. 2, pp. 26-28 (1934); 
abstracted in Chim. & ind., 31 [6], 1376 (1934).— 
Three-tenths gram of pulverized glass are melted with 3 g. 
sodium carbonate for 15 min. If the B,O; content of the 
glass is low, 0.5 g. of glass and 5 g. sodium carbonate 
should be used. The melted mixture is dissolved in 50% 
HCI solution, and the iron is oxidized with several drops 
of concentrated nitric acid and heated. Precipitated dry 
calcium carbonate is carefully added until the neutraliza- 
tion of the solution, which is noticeable by an intense 
cloudiness. The liquid is boiled, slightly cooled, and 
filtered while hot. The volume of the filtrate should not 
exceed 40 or 50 cc.; 3 or 4 drops of phenolphthalein are 
added to the filtrate and the whole is neutralized with a 
decinormal baryta solution until the appearance of a pale 
pink coloring. One gram of mannite and 10 g. of glucose 
or 10 cc. of inverted sugar are added; the coloring dis- 
appears. The solution is then titrated with the deci- 
normal baryta until a stable pink color appears; 0.25 g. 
mannite and 2 or 3 g. of glucose or 3 to 4 cc. of inverted 
sugar are added again. If the coloring does not change, 
the reaction is completed; if the color changes the titrat- 
ing should be continued. The number of cubic centimeters 
of decinormal soda used during titration multiplied by 
0.0035 yields the quantity of B,O; in the sample. 
M.V.K. 
Determination of small quantities of fluorides. G. 
BaRR AND A. L. TuHorocoop. Analyst, 59, 378-80 
(1934).—The reagent is made by mixing 3 cc. of a Zr 
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solution (3.53 g. ZrOCl8H,O per 100 cc. of water) with 
1 ce. of a 1% solution of sodium alizarin monosulfonate and 
diluting to 200 cc. The pink color is matched against 
known concentrations of NaF. H.HS. 
Determination of zinc. L. C. Nicko.tis anp J. G. N. 
Gaskin. Analyst, 59, 391-95 (1934).—An electrolytic 
method is described. H.H.S. 
Determining moisture content of ceramic materials and 
ware. J. Ostroscnevskil. Ogneuporui, 1 [6-7], 40-42 
(1933); abstracted in Chem. Zenir., i, 3104 (1934).—Ten 
grams of the material are moistened with alcohol and fired, 
and the cooled sample is weighed. The difference in 
weight corresponds to the water content of the sample. 
O. recommends burning the sample twice with alcohol 
(10 + 10 cc.) when the moisture content of the mix is 
below 15%; in samples with a higher moisture content, 
40 cc. alcohol burned 3 times (15 + 15 + 10 cc.) should 
be used; 0.3% should be added to the moisture content 
found. The accuracy of the method is +0.5%. M.V.K. 
Determining sesquioxides, CaO, MgO, and sulfates in 
glass. A.K.Basxo. Zavodskaya Lab., No. 2, pp. 20-22 
(1933); abstracted in Chim. & ind., 31 [6], 1375-76 
(1934).—One gram of finely pulverized glass is moistened 
with water in a Pt crucible, and 2 g. of dry oxalic acid and 
8 or 10 cc. of hydrofluoric acid are added; it is evaporated. 
The solution is heated until the oxalic acid begins to volatil- 
ize toward the end of evaporation. The solution is 
cooled and 0.5 g. sodium oxalate and 50 or 75 cc. hot water 
are added. It is heated to boiling, cooled, and filtered; 
the precipitate is composed of calcium oxalate and sodium 
fluosilicate. The filtrate (A) and the washing water are 
collected ; the precipitate is washed 4 times with cold water. 
It is dissolved in 20% hot sulfuric acid, heated to 70 or 
80°, and titrated with permanganate. The filtrate (A) is 
used for determining MgO, Al,Os, ferric oxide, and sulfates. 
The first and last determinations are made with 0.4% of its 
volume; the iron and alumina are determined colori- 
metrically with 0.2% of the volume of the filtrate. The 
amount for determining MgO is diluted to 100 cc., 3 or 4g. 
of Seignette salt and several drops of phenolphthalein 
are added, and the whole is heated to boiling. Some drops 
of seminormal soda solution are added until the solution 
turns red. A surplus (5 to 10 cc.) of soda is added; the 
solution is heated and filtered. The Mg precipitate is 
washed 7 or 8 times with a saturated solution of MgO; 
it is calcined, washed, and weighed. The weight of MgO 
is obtained. Before determining the sulfates, the remain- 
ing sodium flucsilicate must be removed from the solution. 
The sample is heated to boiling and 15 or 20 cc. of semi- 
normal calcium chloride solution are added drop by drop; 
the calcium oxalate is precipitated. A surplus ammoniac 
is added to the hot solution which is left to stand; several 
drops of calcium chloride are added to determine whether 
the solution still contains fluorine. The solution is filtered 
and the residue is washed with ammoniacal hot water. 
The filtrate is acidified with HCl; it is heated to boiling 
and the sulfates are precipitated with barium chloride. 
Aluminum and iron are determined colorimetrically as 
usual. See also Ceram. Abs., 12 [12], 433 (1933). 
M.V.K. 
Effect of soluble phosphates on the viscosity of kaolin 
suspensions. W. A. PLoTNIKOv AND E. M. NATANSSON. 
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Zhur. Prikladnot Khim., 6, 839-44 (1933); abstracted in 
Chem. Zentr., ii, 493 (1934).—The effect of Na,HPO,, 
(NH,4)sPO4, KgCrOy, KeCO;, NazCOs;, and soluble glass on 
the viscosity of Glukhovetz kaolin was studied. (NH,)s- 
PO, and Na;HPO, greatly lower viscosity (they have the 
strongest effect). The difference in the effect of each salt 
is considerable with a low concentration, while with a 
concentration > 15 millimole/1l. the effect is the same. 
Conductivity measurements show that Na,HPQ, and solu- 
ble glass are adsorbed on kaolin and that the maximum of 
adsorption is reached with low concentrations of electro- 
lyte. The viscosity of kaolin suspensions with additions 
of Na,H PQ, or soluble glass does not depend on the pa. 
M.V.K. 
Fluorometry. I. TANANAIEV. Zhur. Prikladnot 
Khim., 6, 939-44 (1933); abstracted in Chem. Zentr., i, 
3370-71 (1934).—New methods for determining F in 
soluble fluorides permit their use in chemical analysis for 
determining separate elements which usually are difficult 
to determine volumetrically. All the working methods 
and conditions in this case are so characteristic that T. 
called it “fluorometry.” The titer of the fluoride solu- 
tion (NaF or KF) is determined as follows: a small 
amount of amorphous SiO,, 3 to 4 g. KCl, and concen- 
trated HCl are added to 10 cc. of the F solution in the 
presence of methyl orange until the solution becomes pink. 
More HCI is added when the coloring turns yellow on heat- 
ing to 70 or 80°. Free KOH is neutralized with CO,, and 
10 ce. of a 4 N CaCl, solution are added to the solution 
which is heated and titrated with KOH until the appear- 
ance of yellow coloring. After adding several drops of 
phenol red, it is again titrated until the appearance of a 
pink coloring. The reaction equation is K,SiFs + 
3CaCl, + 4KOH = 3CaF, + Si(OH), + 6KCI. The 
determination of Ca consists in precipitating Ca in the 
form of CaF, with a surplus fluoride and in titrating the 
surplus as above. The determination of Al is based on the 
reaction 6NaF + AIC]; = Na;AIF, + 3NaCl. The 
determination itself is done by oversaturating the Al salt 
solution with fluoride and titrating the surplus fluoride 
with an AICI; solution. The determination of Fe with KF 
in a solution saturated with KCI and NaCl proceeds 
similarly. The titration is done with phenol red as indi- 
cator with the acid of an AICI; solution. The formation of 
cryolites under the action of fluorides on Al(OH); permits 
the determination of Al acidimetrically. The determina- 
tion of SiO, is as follows: 5 to 10 cc. of an alkaline silicate 
solution are neutralized with acid toward methyl orange, 
and a neutral KF solution and a definite amount of 0.5 N 
HCI solution are added. After saturation of the solution 
with KCl, the surplus is titrated with baryta and phenol 
red as indicator. M.V.K. 
Industrial applications of X-ray crystal analysis. ANON. 
Chem. Age, 31 [784], 6-7 (1934).—A detailed consideration 
of the industrial applications of X-ray crystal analysis 
with particular attention to the facilities provided by the 
National Physical Laboratory is presented. A.K. 
Laws of soil colloidal behavior. X. Exchange neu- 
trality and combining capacity. SANTz MATTSON AND 
J. B. Hester. Soil Sci., 34 [6], 459-83 (1932).—The am- 
photeric nature of soils and their combining capacity are 
expressed in the form of neutralization curves obtained 
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by treating the eicctrodialyzed soil with a neutral salt 
solution to which free acid is added on one side and free 
base on the other. Evidence of podzolization, which in- 
volves an alteration of the amphoteric complex by hy- 
drolysis may be found by applying the method of the soil 
profile. The colloid content and the saturation value may 
also be directly found from this type of curve. XI. 
Electrodialysis in relation to soil processes. SANTE 
Mattson. Ibid., 36 [2], 149-63 (1933).—The electro- 
dialysis of a soil does not end with the removal of the ex- 
changeable cations. After a certain degree of unsaturation 
has taken place Al and Fe (together with some associated 
silica) move toward the cathode, at first emerging into the 
cathode compartment (if the alkalinity there is not too 
high) and later building up a layer next to the cathode 
membrane which corresponds to the B horizon of the 
podzol profile. XII. Amphoteric nature of soils in rela- 
tion to aluminum toxicity. SaNre MATTSON AND J. B. 
Hester. Jbid., 36 [3], 229-44 (1933). XIII. Osmotic 
imbibition. J. G. FALCONER AND SANTE MaATrTTSON. 
Ibid., 36 [4], 317-27 (1933).—The relationship between the 
applied pressure and the water content of bentonite gel 
saturated with various cations was studied. The product 
V- <P (V = cc. water per gram dry bentonite and P = 
applied pressure) is a constant whose magnitude depends 
on the nature of the exchangeable cation. Half-normal 
NaCl instead of water yields a lower constant than 0.5 
N Na,SQ,. This is according to the osmotic equation of 
the Donnan equilibrium. An osmotic interpretation is 
given. For Part IX see Ceram. Abs., 11 [12], 632 (1932). 
G.R.S. 
Lithium carbonate decomposition in analysis of silicates. 
J. KtOunuoip. Glashiitte, 64 [35], 587-88 (1934).—One 
gram of the material is heated with 4 g. lithium carbonate. 
The separation of SiO,, Al,O;, and CaO is made in a further 
treatment exactly as with soda decomposition. The 
platinum is precipitated during the soda treatment with 
hydrogen sulfide from the SiO, filtrate combined with HCI. 
The determination of Mg follows after that of Al and Ca; 
the filtrate of calcium oxalate is evaporated to dryness and 
the ammonium salts are removed by calcining. The 
residue is treated with a drop of concentrated HCI and 40 
ce. hot water and filtered; 20 cc. of N/20 ammonium 
arsenate solution are added. The crystallized magnesium- 
ammonium arsenate is filtered and washed with cold 
ammoniacal water. The filtrate is treated with 13 cc. 
water and 10 cc. HCl; 0.5 to 1 g. potassium iodide and 1 
to 1.5 g. sal ammoniac are added. The precipitated iodine 
is titrated with N/20 sodium thiosulfate solution (1000 cc. 


N/20 Na,S.0; = 


with hydrogen sulfide from the magnesium ammonium 
arsenate filtrate, filtered off, and washed with HCI and 
hot water containing hydrogen sulfide. The filtrate is 
treated with 5g. secondary ammonium phosphate. 
Shortly before the separation of lithium phosphate, it is 
precipitated with 40 or 50 cc. alcohol; it is evaporated to 
dryness and calcined to free it from ammonium salts. 
The residue is heated with 50 or 60 cc. water. The un- 
dissolved lithium phosphate is filtered and washed with 
hot ammoniacal water. The filtrate is acidified with HC! 
and treated with a concentrated solution of ammonium 


The surplus arsenic is precipitated 
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acetate. The solution is neutralized with ammoniac and 
treated with a concentrated solution of ferrichloride. It is 
boiled, filtered hot, and washed in hot water containing 
ammonium acetate. The filtrate is evaporated to dryness 
and freed from ammonium salts by calcining. The residue 
of calcining is treated with 15 cc. hot water, filtered, and 
washed with 10 cc. hot water. The solution is heated and 
45 cc. amyl alcohol and 5 drops of 2/N HCl are added. 
With a further concentration (under a continuous pene- 
tration of air into the solution), the separation of lithium 
chloride from potassium and sodium chloride occurs 
With the transfer of water, the sodium and potassium chlo- 
ride are separated while lithium chloride remains in the 
solution. After a complete transfer of the water, the solu- 
tion is cooled, and the separated mixture of both chlorides 
is filtered, washed with 20 cc. amyl alcohol, and dried to 
constant weight at 140°. Potassium is determined from 
this mixture as perchlorate. This method is suitable for all 
kinds of silicates except those containing lithium (lepido- 
lite). M.V.K. 
Low temperature specific heats. I. Improved calorime- 
ter for use from 14 to 300°K. Heat capacity and en- 
tropy of naphthalene. J. C. SourHarp ANp F. G. Bricx- 
WwEepDDE. Jour. Amer. Chem. Soc., 55 [11], 4378-84 
(1933).—An improved adiabatic calorimeter for the meas- 
urement of specific heats of liquids and solids between 14 
and 300°K is described. II. Calibration of the thermome- 
ter and resistance of platinum, platinum-10% rhodium 
and constantan between —259 and —190°. J. C. Sourn- 
ARD AND R. T. Mitner. /bid., pp. 4384—-91.—-A constant 
volume gas thermometer for use in the calibration of re- 
sistance 14 and 90°K was con- 
structed. F.G.H 
Photoelectric measurements of absorption of fused and 
crystalline quartz between 1633 and 1463 A. W. M. 
Powe, Jr. Phys. Rev., 46 [1], 43-46 (1934).—P. deter- 
mined the ultra-violet transmission of 8 sections of a speci- 
men of crystalline quartz, 11 sections of another crystal, 
and 6 sections of fused quartz from the General Electric 
Co. The first crystal and the fused quartz showed large 
variations in the coefficient of absorption. The second 
crystal was more homogeneous and from it the percentage 
of light removed at the surface was determined. The large 
variations in transmission in the ultra-violet range show the 
importance of actually testing quartz designed for use in 
that range. J.L.G. 
Precipitation of aluminium, ferric, and chromic ions by 
hexamethylene tetramine. Leo LEHRMAN AND ELVIN 
A. Kasat. Jour. Chem. Ed., 11 [6], 374-75 (1934).—-The 
precipitates obtained by adding (CHe)sN, solution to 
boiling solutions of Al***, Fe***, and Cr***, either in 
the absence or presence of ammonium salts, are shown to be 
the hydroxides of the metallic ions. The experimental 
procedure used is given in detail. A.K 


Preparation of high-melting glasses. M. K. Horr- 


thermometers between 


MANN. Fortschr. Mineral., Krist., & Petrog., 17, 420-21 
(1932).--The magnetically deflected arc is employed; the 


molten drops fall into H,O. CreQs is readily melted at 
2200°; BeO and Al,O,; give alexandrite, while ZrO, and 
SiO. give zircon. Phenacite, beryl, mullite, alexandrite, 
corundum, zircon, fluorite, MgO, BeO, ThO., and ZrO, dis 
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See also Ceram. Abs., 14 [1], 10 (1935) 
(C.A.) 

Qualitative and quantitative determination of lithium, 
rubidium, and caesium. J. M.Tormacev. Compt. rend 
acad. sci. U.R.S.S., 1 (8), 464-70 (1934); Physik. Ber., 15 
[20], 1711 (1934).—-A number of minerals was analyzed 
qualitatively by the arc spectrum and quantitatively by 
the spark spectrum with comparison spectra. The con 
tent of Li in the minerals was between 0.002 to 0.4%, of 


solve in glass. 


Rb 0.006 to 1.2%, and of Cs 0.006 to 0.4%. Lepidolite 
and petalite contained more than 1% Li. M.H. 


Quantitative analysis with the microscope by the point 
method. A. A. GracoLtrey. Eng. Mining Jour., 135 
[9], 399-400 (1934).—-A large number of points is dis 
tributed uniformly over a thin-section prepared from the 
mineral, ore, alloy, etc., to be analyzed, and the number of 
points falling on each constituent is determined by a rapid 
method of counting. Distribution of points and counting 
are accomplished by an integrating device capable of 
analyzing for six different components in one sample 
Probable error of the method is determined by the formula 

6 = 0.67 
n 

of points taken, and A the percentage of the constituent 
present in the material. For 50% of the constituent pres- 
ent and 1000 points, the probable error would be about 
1%. The method is rapid, requiring only 20 to 30 min 
for a section with 1000 to 1500 points. Examples of the 
use of the method are given. In all cases, the counted 
results checked closely with the results of chemical analy- 
ses. Illustrated. J.L.G. 

Separating Be from elements of the third group (Al 
and Fe). P. Apami. Ann. chim. applicata, 23, 428-32 
(1933); abstracted in Sprechsaal, 67 (39), 594 (1934).—-The 
sample is twice evaporated to dryness with HCOOH; 
the formates are heated in a long glass tube, one end of 
which is closed by melting while the other end is connected 
with a vacuum pump. Be(OQOCH), sublimates on heating 
to 180 or 200°, and deposits on the colder parts of the 
tube. It is dissolved in concentrated HNO,, precipitated 
with ammonia, and determined as oxide. Al and Fe are 
directly transformed into oxides and determined. In the 
presence of Ti, this method can not be used. M.V.K. 


Separation of potassium and sodium as iodides. L 
SZEBELLEDY AND K. Sarcx. Z. anal. Chem, 97, 106-16 
(1934); abstracted in Analyst, 59, 502 (1934). H.H.S 

Significance of X-ray interferences at high temperatures 
for ceramic researchés. D. Witm, U. HoOrMANN, AND 
K. Sprechsaal, 67 [38], 573-75 (1934).-—In- 
vestigations with high-temperature X-rays showed that 
“high"’ cristobalite widely found in nature is formed on 
heating to 1000° without fluxes and is still found as “‘high" 
cristobalite after cooling. It does not undergo any chang: 
of state. When “high” cristobalite is heated to 1400", or 
with a flux to 1000°, it changes into ‘‘deep”’ cristobalite on 
cooling at about 230°. The lattice changes of Zettlitz 
kaolin on heating are discussed on the basis of observa 
tions. (1) Up to 400°, kaolin interferences are obtainable 
(2) Between 500 and 700°, the detectable weak inter 
ferences belong to admixtures of a mica substance or to an 
(3) At 950°, »-alumina is recog 


, where é is the error, m the number 
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nizable besides indistinct mullite interferences. (4) 
At 1100°, in sharply defined interferences, mullite and 
“high” cristobalite are observable; the latter changes 
into ‘‘deep” cristobalite on cooling. The important facts 
for practice are (a) that clays containing surplus silica 
in the form of “high’’ cristobalite instead of fine quartz 
produce thermally resistant materials under certain condi- 
tions because the transformation of cristobalite diminishes, 
especially at lower temperatures, and (b) that these clays 
may increase the transparency of porcelain bodies pro- 
duced from them because of a more rapid dissolving with 
fluxes. A series of references is given M.V.K. 

Silver ferrites. X. y-FeOOH from ferrocarbonate 
and the change of 7-FeQOH to a-FeOOH. ALrons 
Krause, K. MoroniowNna, AND E. Przysy_ski. Z. 
anorg. allgem. Chem., 219 [2], 203-12 (1934).—y-FeOQOH 
may be prepared by oxidation of precipitated ferrocarbon- 
ate. Interpretations based on X-ray diagrams, dehydra- 
tion to y-Fe:O;, the silver ferrite synthesis, aging at 
20°C, and the colloidal chemical properties show that this 
hydrate is essentially the same as the metahydroxide of 
Krause (y-FeOQOH made from Fe(OH),). Fine distinc- 
tions in the molecular constitution of the two are evident 
The y-FeOOH from the carbenate consists of smaller ring 
molecules than the »-FeOOli from the hydroxide. At 
higher temperatures the y-F)-(jOH changes to a-FeOOH. 

L.T.B. 

J. Lawrence Smith method for alkalis in silicates. 
LEONARD BREEMAN, JR., 1ND S. R. Scnores. Bull. 
Amer. Ceram. Soc., 13 [12], 3 4 (1934). 

Structural formulas of {ilicates. H. JuNnc. Sprech- 
saal, 67 [30], 445-46; [31,, 461-63 (1934).—The paper 
deals with the characteristics of the chief types of silicates 
on the basis of X-rays. The chief types are (1) island 
lattice (orthosilicates), (2) chain and band lattice (pyroxene 
and amphibole), (3) plane lattice (mica type), (4) 
framework lattice (quartz, feldspar, etc). The manner 
in which separate tetrahedra are connected is important. 

M.V.K. 

Thermal expansion of ceramic bodies of the 3-com- 
ponent system MgO-Al.O;-SiO, containing steatite. 
Otro KRAuSE AND Ernst JAKEL. Sprechsaal, 67 [34], 
509-11; [35], 525-28; [36], 543-44 (1934).—The de- 
pendence of firing temperature on the coefficients of ther- 
mal expansion of 15 bodies of the 3-component system 
MgO-Al,0;-SiO, were investigated. It was determined 
that (1) with increased temperature of the bodies, the 
coefficients of thermal expansion diminish; (2) the thermal 
expansion of all bodies becomes about the same with 
increased firing temperature; and (3) the coefficient of 
thermal expansion reaches its minimum value when the 
bodies lie in the miullite-corundum region of the 3- 
component system, especially when their composition ap- 
proaches that of the theoretical cordierite. However, the 
coefficient of thermal expansion does not diminish, in 
contrast with other ceramic bodies, when the bodies lie 
in the stability field of cordierite, clinoenstatite, forsterite, 
and spinel. M.V.K. 

Variation of properties of clays and kaolins when heated 
at different temperatures. R. Moretti AND EMILIO 
OccuiaLini. Ind. Vetro & Ceramica, 7 {2}, 55-63 (1934); 
abstracted in Centro Studi Ceramict, 1 [1], 10 (1934).—-The 
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variations of physicomechanical properties of clays and 
kaolins after being heated to different temperatures were 
studied. The refractoriness of the samples was lowered 
with increase of the preheating temperature but the 
porosity, weight, and contraction were increased with 
the inerease of the temperature. Preheating the clays is 
injurious, especially for properties required in the manu- 
facture of pots for optical glass. The method of testing 
clay described is useful for specifying exactly the rational 
heating curve in the first phase of firing (tempering). 
M.V.K. 
Volatilization of silica and copper in steam. J. JELLIs. 
Natuurw. Tijdschr, 15, 153-54 (1933); abstracted in 
Sprechsaal, 67 (22), 331 (1934).—-Contrary to the findings 
of Morey (Ceram. Abs., 12 [10-11], 401 (1933)), the results 
of studies of Nieuwenburg and Blumendal relating to the 
volatilization of silica (ibid., 13 [10], 278 (1934)) are con- 
firmed. Willemite formations were determined at 300 
atmospheres after 3 hr. in a steel autoclave containing ZnO 
and SiO,. The weight of SiO, was lowered by 50% and 
that of ZnO was increased by 25 and 16%. Amorphous 
fine SiO, volatilizes more rapidly than sand or quartz. 
CuO was reduced to Cu when heating CuO and SiO, or 
Cu silicate. From a 20 g. sample, after 3 days at 300 
atmospheres, 50 mg. Cu volatilized; it was deposited as a 
finely distributed loose material on the autoclave walls. 
Cassiterite and rutile showed no decrease in weight, while 
pitchblende lost 11% in weight after 3 days. M.V.K. 
Volumetric determination of MgO in presence of cal- 
cium in ceménts, dolomites, and dolomitic limestone. 
S. S. Koror. Zhur. Prikladnoit Khim., 6, 976-79 (1933); 
abstracted in Chem. Zentr., ii, 310 (1934).—The method is a 
modified method of F. Diener (Concrete, Cement Mill. Ed., 
No. 6, p. 47 (1931)) and is based on the fact that the acid 
solution containing MgO is neutralized to px = 7.44 with 
CaCOs,, so that Fe and Al are precipitated and Mg and Mn 
remain in the solution. One hundred fifty cubic centi- 
meters of the filtrate are treated with 25 or 30 drops of 1, 3, 
5-trinitrobenzene as indicator and titrated with a 1/3 N 
NaOH solution to the appearance of the pink coloring. 
This should not disappear on boiling. The coloring ap- 
pears at a pu value of 11 at which Mg is precipitated as 
Mg(OH),. NaOH surplus is titrated back with 1/3 N 
HCI with phenolphthalein. MgO is determined in MgCO, 
and the remaining CO, is combined with CaO. Ap- 
proximate results are obtained in 1 hr. M.V.K. 
Volumetric determination of silica in glass. E. P. 
Garmacnh. Zavodskaya Lab., No. 2, pp. 27-30 (1933); 
abstracted in Chim. & ind., 31 |6], 1376 (1934).—(1) 
Three-tenths gram of crushed glass are melted with potas- 
sium carbonate (8 to 10 times the weight of the glass). 
It is cooled in hot water, the crucible is placed in a platinum 
dish, and the melted mass is moistened; concentrated HCl 
is added. The content of the crucible is poured into the 
platinum dish, the crucible is washed, and 15 or 20 cc. of 
concentrated HCl and 2 g. of ammonium fluoride are 
added. The whole is shaken and left to stand, and the 
precipitated fluosilicate is filtered through a funnel 
coated with paraffin. The residue is washed with a 
saturated solution of potassium fluosilicate. The filter 
and precipitate are transferred into a flask (250 cc.), hot 
water is added, the filter is decomposed, and 25 cc. of tetra 
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normal solution of calcium chloride are added; the flask is 
boiled 2 or 3 min., and several drops of methyl red are 
added and titrated with seminormal soda solution. After 
the change of the color, the flask is kept in boiling water and 
the titration is ended with a complete coagulation. The 
error is 0.03 to 0.04%. (2) Three-tenths gram of crushed 
glass are mixed with 10 cc. water, 4 g. potassium chloride, 
4 g. pure ammonium fluoride, and 3 or 4 cc. of concentrated 
HCl. The mixture is shaken, heated in a steam batch for 
15 minutes, and stirred. It is cooled and 10 cc. HC! are 
added; this is shaken for 15 min.; the precipitated potas- 
sium fluosilicate is filtered, and the determination is con- 
tinued as above. M.V.K. 
BOOKS 


Method of Chemical Analysis of Magnesites and Dolo- 
mites and Articles Made of Them. A. TERESHCHENKO 
AND V. PaLausov. Ukrain. Sci. Research Inst. of Re- 
fractory and Acid-Resisting Materials. State Sci. Tech. 
Pub. House Ukraine, Kharkov. Vol. 23, 1934. 24 pp. 
Price 1 R 50 k. The object of this work was to find 
simpler, more rapid, and cheaper methods of chemical 
analysis. Volumetric methods are most rapid and for this 
reason were used in the investigation. After a review of 
literature on this subject the results of the authors’ in- 
vestigation are given. Detailed systematic procedures 
of chemical analysis of dolomites, magnesites, and dolo- 
mite and magnesite products are given. Bibliography. 

S. I. PERKAL 
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Quantitative Analysis of Inorganic Materials. Nor- 
MAN HACKNEY. J. B. Lippincott Co., Philadelphia, 1934. 
Emphasizing both the theoretical side and the ultra- 
practical aspect of analytical chemistry, H. covers every 
important process. Nine sections comprise this work: 
(1) a discussion of apparatus and its manipulation, (2) 
a brief sketch of chemical theory as it affects the analyst, 
(3) the estimation of metals considered in the order of the 
qualitative groups, (4) the anions and nonmetals, (5) a 
synopsis of volumetric analysis with numerous data and 
factors, (6 and 7) the separation of the metals and non- 
metals preparatory to their estimation, (8) alloys and 
other industrial products, and (9) tables and index. 


PATENTS 


Process of making titanium dioxide. B. D. Sax ar- 
WALLA, H. E. Duny, anp A. E. Marswart (Southern 
Mineral Products Corp.). U.S. 1,978,228, Oct. 23, 1934 

Process for manufacturing potassium dichromate. I.G. 
FARBENINDUSTRIE A.-G. Brit. 417,331, Oct. 17, 1934. 

Process for recovering potassium salts from minerals. 
E. P. Partripce (U. S. of America). U. S. 1,975,798, 
Oct. 9, 1934. 

Process for separating hafnium and zirconium. Wu.- 
HELM PRANDTL. U.S. 1,976,293, Oct. 9, 1934. 


General 


B.C. 
Bull. 


Ceramic engineering recognized as professional. 
Purpy, H. H. Horner, AND J. L. CARRUTHERS. 
Amer. Ceram. Soc., 13 [11], 322-23 (1934). 

Atmospheric dust as cause of silicosis. B.F. Trson. 
Eng. Mining Jour., 135 [7], 306-309 (1934).—Methods of 
sampling air for dust and methods of determining the 
amount of silica present in dust are discussed. The sugar- 
tube dust sampler, the Owens dust counter, and various 
konimeters are described. Illustrated. J.L.G. 

Ceramic researches in the times of Seger. BUTTNER. 
Keram. Rund., 42 [30], 367-70 (1934).—B. deals with the 
researches of Eller (1749) and Bérner (1781) and the at- 
tempts to explain the plasticity of clay. M.V.K 

Characteristic surface number of fine dusts. M. 
Witte. Glickauf, 70 [40], 923-25 (1934).—The finest 
particles of a dust, e¢.g., coal or cement, of less than 60 
microns can not be further separated by sifting. As they 
are the determining factor for the reactivity of the mate- 
rial, their size is defined by the “‘specific surface’ which is 
the ratio of the total surface of the dust particles to their 
weight. W. describes a method of determining this ratio 
optically by mixing the sample to be determined with a 
dust of known or constant surface. An example illus- 
trates the method. M.H. 


Code for chemists? H. H. Bunze.tr. Science, 79 


[2050], 341-42 (1934).—B. outlines the strong movement 
among scientific men in opposition to codes affecting test- 
ing and research laboratories together with an attempt to 


bring into harmony the various factions concerned. 
A.K. 


Determining the dust content of atmospheric air with 
the impinger. B. F. Trrtson. Eng. Mining Jour., 135 
[8], 358-61 (1934).—The Greenburg-Smith impinger com- 
bines the aspiration of dust-laden air through water in a 
wash bottle with the impingement of dust particles against 
a surface. The glass plate surface against which the jet of 
air is directed is submerged in water. The efficiency of 
dust collection is high, 94 to 97.5% with fine silica dust. 
Collection, dust counts, and chemical tests of the sample 


are described in detail. Illustrated. J.L.G 
Practical clayworking. XIV-XV. Anon. Brit. Clay- 
worker, 43 [507], 99-102; [508], 129-31 (1934).—In- 


complete and complete drying of plain tile, interlocking 
tile, and paving tile and a short description of numerous 
types of tunnel and round updraft or downdraft kilns are 
discussed. For Part XIII see Ceram. Abs., 13 [9], 246 
(1934); for Part XVI see this issue, p. 47. R.A.H. 
Using ceramic waste products. Kart RANCKE. 
Keram. Rund., 42 [35], 437-38 (1934).—The reutiliza- 
tion of waste products of the porcelain, stoneware, and 
whiteware industries is discussed. M.V.K. 


BOOKS AND BULLETIN 


Dust. S. C. Bractin. Chapman and Hall, Ltd., 
London; Sherwood Press, Cleveland. 296 pp. Price 
$6.50 net. Reviewed in Cement & Cement Mfg.,7 (10), 332 
(1934).—While most of the book deals with natural dusts, 
industrial dusts form the subject of one chapter. The 
pathological aspect of dust is treated and methods of dust 
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measurement are described, but commercial methods of 
dust prevention and collection are briefly considered. 
G.RS. 
Handbook of Scientific-Research Themes and Litera- 
ture on Building Materials, Refractories, and Chemi- 
cally Resistant Materials of Mineral Origin for 1930-1933. 
E. M. RoMANovsKY. Pub. House of People’s Com- 
missariat for Heavy Industry, Moscow, 1934. 350 pp., 
41 figs. Price 7 R 50 k.—A short review of the history of 
the organization of basic scientific-research institutes in 
U.S.S.R. in the above fields is given. The names of 2528 
themes carried out in 1930-1933 by 100 scientific research 
organizations are given. S. I. PeRKAL 
Lag, spread, and sustained ignition in electric detona- 
tors. A.B. Hooker Bur. Mines 
Rept. of Invest., No. 3255, 9 pp. Free. This report 
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covers results of tests to determine the lag, spread, and 
sustained ignition characteristics of seven regular makes of 
electric detonators and the timing of the multiple-shot, 
generator-type blasting unit. R.A.H. 


PATENTS 


Article of commerce and method of producing. S. M. 
Pue vps (Ceramic Products Co.). U.S. 1,978,691, Oct. 30, 
1934. A porous ceramic body is formed substantially of 
cordierite and clay impregnated with a filling material. 

Ceramic material and method of making. W. J. Scott 
(Western Electric Co., Inc.). U. S. 1,977,698, Oct. 23, 
1934. 

Nonweathering glazed aggregate and method of pre- 
paring. S. F. Warton (Patent and Licensing Corp.). 
U. S. 19,372, Nov. 13, 1934 (reissue). 


